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(57) In order to control the use of physical radio re- 
sources, the physical radio resources are divided into 
chronologically consecutive frames (14), sothataframe 
contains slots (16, 17, 18) of various sizes, which slots 
represent a given share of the physical radio resources 
contained in the frame and can be individually allocated 
to different radio connections. The first dimension of a 
frame is time and the second dimension can be time, 
frequency or code. In the direction of the second dimen- 
sion the slots represent various sizes, and a given first 
integral number of slots of the first size can be modularly 
replaced by another integral number of slots of another 
size. A certain number of consecutive frames form a su- 
perframe (19), in which case frames with corresponding 
locations in consecutive superframes are equal in slot 
division and allocations, if the data transmission de- 
mands do not change. Changes in the state of occupan- 
cy of the slots are possible at each superframe. In order 
to form an uplink connection, the mobile station sends 
a capacity request, where it indicates the type of re- 
quested connection and the demand of resources. In or- 
der to form a downlink connection, the base station sub- 
system sends a paging call, where it indicates the loca- 
tion in the superframe of the slots allocated to the con- 
nection. In order to indicate the state of occupancy the 
base station subsystem maintains a superframe-size 
parametrized reservation table. 
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Description 




TECHNOLOGICAL FIELD 

The invention relates generally to sharing radio re- 
sources between various users in a cellular radio sys- 
tem. Particularly the invention relates to sharing radio 
resources in a systenn where the users' data transmis- 
sion needs, both in quality and quantity, change rapidly. 

BACKGROUND OF THE INVENTION 

At the moment of filing this application, the most 
general form of mobile persona! telecommunication is a 
second-generation digital cellular radio network; these 
networks include the European systems GSM (Global 
system for Mobile telecommunications) arid its exten- 
sion DCS1 800 (Digital Communications System at 1 800 
MHz), the North American (USA) systems IS-1 36 (Inter- 
im Standard 136), IS-95 (Interim Standard 95) and the 
Japanese system PDC (Personal Digital Cellular). 
These systems transmit mainly speech, telefaxes and 
short text messages, as well as digital data at a limited 
speed, for instance files transmitted between comput- 
ers. Several third-generation systems are being de- 
signed, the aims being world-wide coverage, a large se- 
lection of data transmission services and a flexible shar- 
ing of capacity, so that a given user may, when desired, 
transmit and/or receive even a large amount of data at 
a high speed. 

The European Telecommunications Standards In- 
stitute ETSI has suggested a third-generation mobile 
telecommunications system called UMTS (Universal 
Mobile Telecommunications System). Its aim is a wide 
operating environment including homes, offices, urban 
and rural environments as well as stationary and mobile 
stations. The selection of services is large, and in addi- 
tion to the currently known mobile telephones, the types 
of mobile stations include for instance multimedia termi- 
nals and multipurpose terminals that mediate telecom- 
munications between the UMTS system and various lo- 
cal systems. 

Figure 1 illustrates an exemplary cell 11 of the 
UMTS system, provided with a stationary base station 
subsystem 1 2 (BSS), within the range of which there ex- 
ist or move, along with the users, several different mo- 
bile stations 13. The base station subsystem may com- 
prise one or several base stations, as well as a base 
station controller controlling their operation. In between 
the base station subsystem and the mobile stations, 
there is a radio connection, for which a given radio fre- 
quency range is resen/ed, and the operation of which is 
regulated by the specifications of the system. The time 
and frequency range available for the radio connection 
together define so-called physical radio resources. One 
of the biggest challenges of the base station subsystem 
is to control the use of these physical radio resources 
so that all temninals located in the cell coverage are at 
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any moment capabl^^eceiving data transmission 
services of the requested quality, and that adjacent cells 
interfere with each other as little as possible. 

From the prior art systems, there are known several 
5 methods for sharing radio resources. In time division 
multiple access (TDMA), each of the employed trans- 
mission and reception frequency bands is divided into 
time slots, among which the base station subsystem al- 
locates one or several cyclically repeated time slots to 
10 the use of a given terminal. In frequency division multiple 
access (FDMA), the utilised frequency range is divided 
into very narrow bands, among which the base station 
subsystem allocates one or several to each terminal. 
Many current systems apply a combination of these, 
15 where each narrow frequency band is further divided in- 
to time slots. In coded division multiple access (CDMA), 
each connection between the mobile station and the 
base station subsystem obtains a spreading code, 
whereby the transmitted information is spread randomly 
20 within a fairly large frequency range. The codes used 
within the cell coverage are mutually orthogonal or near- 
ly orthogonal, in which case a receiver that recognises 
the code may distinguish the desired signal and atten- 
uate other simultaneous signals. In orthogonal frequen- 
ts cy division multiplex (OFDM), suited mainly for broad- 
casting-type services, data is transmitted from the trans- 
mitting central station on a wide frequency band, which 
is divided into equidistant sub-frequencies, and the si- 
multaneous phase shifts of these sub-frequencies cre- 
do ate a two-dimensional bit flow in the time-frequency 
space. 

As for the technology of packet switched radio net- 
works, there are also known various packet-based con- 
nection protocols, where the connection between the 

3S mobile station and the base station subsystemis not 
continuous but proceeds in packages with pauses of 
varying durations in between. Compared with continu- 
ous connection systems, i.e. with so-called circuit- 
switched networks, there is achieved the advantage that 

40 the radio resources required by a given connection are 
not unnecessarily occupied when there is a temporary 
pause in the connection. A drawback is generally a long- 
er data transmission delay, because after each pause, 
the transmission of a new packet requires the exchange 

4S of certain control or signalling messages between the 
mobile station and the base station. Delays can also.be 
caused by different routing of the packages between 
transmitter and receiver 

It is typical of third-generation cellular radio net- 

50 works that for instance in the case of Figure 1 , with some 
of the terminals 1 3 it suffices to have a fairly low-capacity 
radio connection with the base station, but some of them 
need, at least temporarily, a remarkably larger share of 
the common radio resources than the others. Low-ca- 

55 pacity connections can be for example speech connec- 
tions, and a high-capacity connection can be for exam- 
ple the loading of an image file in a data network con- 
nection via the base station subsystem to the mobile sta- 



tion. or a video image conne^^Bduring a videophone 
call. In the prior art, there is nomlown a method where 
the base station subsystem could divide the available 
radio resources In a flexible and dynamic way between 
the various users. Some related prior art methods are s 
discussed in the following. 

US Patent No.5 533 044 discloses a frame structure 
where the size of each time slot is the same. Different 
amounts of data may be transferred in each time slot by 
choosing the modulation method according to need. 10 

The article "TDMA Based Adaptive Modulation with 
Dynamic Channel Assignment (AMDCA) for Large Ca- 
pacity Voice Transmission in Microcellular Systems" by 
T Ikeda et al in Electronics Letters, vol. 32, no. 13, 20 
June 1 996, pages 1 1 75 - 1 1 76, discloses another frame is 
structure with a multiple of equally sized slots. Each con- 
nection has the same data rate, but different modulation 
methods are employed to compensate for the varying 
connection quality. A troubled connection is given more 
slots than the connections with better quality, so that the 20 
troubled connetion may employ a more robust modula- 
tion scheme. 

Patent document No. GB 2 174 571 discloses a 
frame structure that may accommodate a varying 
number of time slots. Each connection has the same da- 2S 
ta rate, but different modulation schemes are again used 
to provide robustness against noise and interference. 
The length of each time slot in a frame depends on the 
modulation method used in the connection to which the 
time slot has been allocated. 30 

Patent document No. EP 633 671 describes a meth- 
od for multiplexing the acknowledgement messages 
used in a packet switched radio communication system. 
Instead of letting every mobile station transmit its ac- 
knowledgement messages freely in a Random Access 3S 
(RA) slot the system divides the RA slot into subslots by 
cutting it into shorter time intervals or allocating orthog- 
onal codes for the duration of the RA slot. Only one mo- 
bile station or a small group of mobile stations is allowed 
to transmit in each subslot to reduce the risk of acknowl- 40 
edgement messages colliding with each other. 

OBJECT OF THE INVENTION 

An object of the present Invention is to introduce a 45 
method for a flexible and dynamic division of radio re- 
sources in the base station subsystem of a cellular radio 
network. 

SUMMARY OF THE INVENTION SO 

The object of the invention is achieved by dividing 
the radio resources in the base station subsystem - or 
in a similar arrangement responsible for the division of 
radio resources • into frames, among which the base ss 
station subsystem can allocate, according to the traffic 
demands of the moment, various sizes of modular, par- 
ametrized sections to be used by the different connec- 
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tions. These frames al^Ppeated cyclically so that the 
repetition sequence contains either a single frame or a 
group of consecutive frames. 

The invention is characterised in what is said in the 
characterizing portions of claims 1 ,22, 31 , 37, 42 and 46. 

In the method of the invention, the so-called physi- 
cal layer of the transmission channel between a first ra- 
dio station and a second radio station is divided into 
frames. The exemplary denominations "base station" 
and "mobile station" are used to distinguish the radio 
stations from each other throughout this patent applica- 
tion. Each frame may be further divided into smaller 
units, the size of which is defined by two coordinates or 
dimensions, which makes the subdivision of a frame 
conceptually two-dimensional in structure. The first di- 
mension is time; this means that the frame has a given 
duration in time, which can be further divided into con- 
secutive time slots. In a preferred embodiment of the 
invention, each frame contains an equal number of time 
slots, but the usage of the time slots may vary from one 
frame to another. The second dimension can be time, 
frequency or code. If also the second dimension is time, 
each time slot of the frame is further divided into smaller 
sub-time slots. If the second dimension is frequency, 
there can be extracted, in each time slot contained by 
the frame, frequency bands that are narrower than the 
total allocated frequency band covered by the frame. If 
the third dimension is code, a given number of mutually 
orthogonal or nearly orthogonal codes Is available dur- 
ing each time slot. 

The smallest resource unit to be allocated from one 
frame is a slot, the size of which is in the first dimension 
defined by the length of the time slot and in the second 
dimension by a division unit determined according to the 
nature of the second dimension. For instance in a time- 
frequency frame, the size of the slot in the second di- 
mension is the bandwidth of the frequency band em- 
ployed in each case. One slot Is always allocated as a 
whole to the use of one connection. It is Important to 
notice that in this patent application, a time slot is con- 
ceptually a different thing that a slot. A time slot is gen- 
erally a division unit of a frame in the time dimension. A 
slot is the unit of physical radio resources that may be 
allocated to a single connection. 

A certain predetermined number of consecutive 
frames forms the so-called superf rame. Because in dig- 
ital systems various numbers in general are most natu- 
rally powers of two, the superframe advantageously 
contains 1, 2. 4, 8, 16, 32 or 64 frames. The flexibility 
and dynamic adaptability of the method according to the 
invention are both due the fact that the slots contained 
by a given frame are not necessary equal in size, that 
the slot structure of the frames contained in the super- 
frame is not necessarily similar, and that it is not neces- 
sary to allocate an equal number of slots from a frame 
or superframe to each connection. The slot structure 
and the reservation of slots for the use of various con- 
nections can change superframe by superframe. On the 
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other hand, if the data trai^pbion need does not 

change, the first frame in a given superf rame has a sim- 
ilar slot structure as the first frame of the preceding su- 
perframe. the second frame is similar to the second 
frame of the preceding superframe, and so forth. The s 
word superframe is naturally only an exemplary denom- 
ination to a concept that may represent one or more con- 
secutive frames. 

In an uplink data transmission, i.e transmission that 
proceeds from the mobile stations to the base station io 
subsystem, the mobile stations need some kind of ar- 
rangement by which they can reserve data transmission 
capacity for use. In a preferred embodiment of the in- 
vention, each uplink superframe contains random ac- 
cess slots, during which the mobile stations can freely is 
send packet-shaped capacity requests. Respectively, 
downlink superframes contain allocation grant slots, 
where the base station subsystem notifies the granted 
allocations. Granting takes place on the basis of capac- 
ity requests received successfully by the base station 20 
subsystem and according to the priority regulations set 
for different types of connections and the prevailing traf- 
fic load. The base station subsystem advantageously 
maintains a superframe-size reservation table, where it 
manages the allocations so that the available radio re- 2S 
sources are utilised in an optimal fashion. 

In a downlink data transmission the base station 
subsystem allocates data transmission capacity similar- 
ly according to the priority regulations set for different 
types of connections and the prevailing traffic load. It 30 
notifies the downlink allocations preferably in the same 
paging messages that it uses to inform the mobile sta- 
tions about incoming downlink transmission requests. 
Once a mobile station has acknowledged the correct re- 
ception of a paging message, the downlink transmission 35 
may begin using the allocated transmission capacity. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is described In more detail below, with 40 
reference to the preferred embodiments presented as 
examples and to the appended drawings, where 

Figure 1 illustrates a known cell in a cellular sys- 
tem. 45 

Figure 2a illustrates some structural elements of a 
frame according to the invention, 

Figure 2b illustrates a variation of Figure 2b, 

Figure 3 illustrates a superframe according to a 

preferred embodiment of the invention, so 

Figure 4a illustrates an uplink realtime data trans- 
mission according to a preferred embodi- 
ment of the invention. 

Figure 4b Illustrates a timing aspect of the messag- 
es of Figure 4a, ss 

Figure 5a illustrates a downlink realtime data trans- 
mission according to a preferred embodi- 
ment of the invention, 



Figure 5b 
Figure 6a 

Figure 6b 
Figure 7a 

Figure 7b 
Figure 8 

Figure 9 
Figure 10 

Figure 1 1 
Figure 12a 

Figure 12b 



illustrat^0Fming aspect of the messag- 
es of Figure 5a. 

illustrates an uplink non-realtime data 
transmission according to a preferred em- 
bodiment of the invention, 
illustrates a timing aspect of the messag- 
es of Figure 6a. 

illustrates a downlink non-realtime data 
transmission according to a preferred em- 
bodiment of the Invention, and 
illustrates a timing aspect of the messag- 
es of Figure 7a. 

illustrates a timing aspect of messages in 
asymmetric trasmission resource sharing 
according to a preferred embodiment of 
the invention, 

illustrates full TDD operation according to 
the invention, 

illustrates a method according to the in- 
vention for regulating the transmission 
power, and 

illustrates an advantageous algorithm for 
slot allocation. 

shows a block diagram of a base station 
subsystem according to the Invention, 
and 

shows a block diagram of a mobile station 
according to the Invention. 



Figure 1 was already referred to above, In the de- 
scription of the prior art; therefore we shall mainly refer 
to Figures 2a - 1 1 in the description of the invention and 
Its preferred embodiments below. Like numbers for like 
parts are used In the drawings. 

DISCUSSION OF PREFERRED EMBODIMENTS 

Figure 2a illustrates a two-dimensional frame 1 4 ac- 
cording to a preferred embodiment of the Invention. In 
the above description it was maintained that the first di- 
mension of the frame is time and the second dimension 
can be either time, frequency or code. In the case of 
Figure 2a, the second dimension of the frame 14 is fre- 
quency or time. The size of the frame in the direction of 
both dimensions must be chosen so that It is compatible 
with other specifications set for the system. In this ex- 
ample, the length of the frame In the time direction is 
about 4.615 milliseconds, and it Is divided, in the time 
direction, Into eight time slots, in which case the length 
of one time slot 15 Is about 0.577 ms. The frame width 
in the frequency direction is about 2 MHz. 

The smallest uniform structural elements of the 
frame, i.e. the slots, are various subdivisions of a time 
slot 15. In the lower left portion of Figure 2a, time-fre- 
quency division is applied, whereby the chronological 
length of each slot Is the same as that of a time slot, but 
its width in the frequency direction may be 200 kHz, 1 
MHz or 2 MHz. Reference number 16 denotes a large. 



0.577 ms X 2 MHz slot, referl^Rumber 17 denotes a 

medium-sized, 0.577 ms x 1 MHz slot, and reference 
number 18 denotes a small, 0.577 ms x 200 kHz slot. In 
the lower right portion of the Figure, time-time division 
is applied, whereby each slot employs the whole 2 MHz 
bandwidth of the system but its chronological duration 
may be 1/1 , 1/2, or 1/10 of the length of a time slot. Ref- 
erence number 16 denotes again a large. 0.577 ms x 2 
MHz slot, reference number 17 denotes a medium- 
sized, 0.2B85 ms X 2 MHz slot and reference number 18 
denotes a small, 0.0577 ms x 2 MHz slot. In those divi- 
sions in which five small slots share a time slot with one 
medium-sized slot (row C: of the division examples), it 
is naturally possible to present a mirror image alterna- 
tive (for example a time slot which begins with a medi- 
um-sized slot and ends with five smalt slots). 
According to another suggestion, the number of differ- 
ent slot size categories is four, and their relative sizes 
are such that the slot of the largest size category would 
correspond to two slots of the second largest size cate- 
gory, four slots of the third largest size category and 
eight slots of the smallest size category. Also other ar- 
rangements for the relative slot sizes are possible. 

A carrier wave solution, where one frame can con- 
tain several elements with different widths on the fre- 
quency band, is called a parallel multicarrier structure. 
The base station subsystem may change the frame 
structure, so that it replaces one large slot by two medi- 
um-sized, ten small or one medium-sized plus five small 
slots or vice versa, or so that it replaces one medium- 
sized slot by five small slots or vice versa. This property 
is called the modularity of the frame: a given slot or slot 
group forms a module (like the group of five small slots 
IB on row C: of the division examples), which can in the 
corresponding time slot contained in some later frame 
be replaced by a different module (like a single medium- 
sized slot 17 on row B: of the division examples), so that 
the rest of the contents of the frame are not changed, 
and the available bandwidth is always optimally utilised. 
The invention does not as such limit neither the number 
of time slots contained in the frame nor the widths of 
allowed carrier bands, but in order to maintain modular- 
ity, it is particularly advantageous that the slots are each 
other's integral multiples with respect to their dimen- 
sions. For instance three 250 kHz wide slots in time-fre- 
quency division could not be modularly replaced by 450 
kHz wide slots, but only one 450 kHz slot would fit in the 
space left by the three narrower slots, and 300 kHz of 
the bandwidth would remain unused. 

The invention does not require that the frame would 
occupy a continuous range of frequencies (2 MHz in Fig- 
ure 2a). It is possible to define a frame so that it covers 
two or more separate frequency bands. Even a single 
slot may cover two or more separate frequency bands, 
which naturally requires the corresponding transceiver 
to have multiple operation capabilities, i.e. in reception 
the capability of receiving on at least two different re- 
ception frequency bands simultaneously and combining 
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the received informat]IV6rrectly, and in transmission 
the capability of dividing information into at least two 
separate transmitter branches and transmitting it simul- 
taneously on at least two different transmission f requen- 

5 cy bands. 

Figure 2b illustrates a CDMA alternative to the divi- 
sion of time slots according to Figure 2a. During each 
time slot 15 there may be a different number of allowed 
spreading codes, with different spreading ratios. The 

10 spreading ratio is a characteristic feature of a spreading 
code and from the viewpoint of resource sharing it de- 
fines how much physical radio resources must be allo- 
cated to a single connection. The bigger the spreading 
ratio of a spreading code used in a connection, the lower 

IS the bit rate in that connection, and correspondigly the 
larger the number of possible simultaneous connections 
during a given period of time using a given bandwidth. 
In the example of Figure 2b, three types of spreading 
codes are available. The Code 1 type spreading codes 

20 have such a small spreading ratio R that information that 
is transmitted with a Code 1 type spreading code fills 
the capacity of a whole time slot (row A:). The spreading 
ratio of Code 2 type spreading codes is 2*R (i.e. twice 
that of Code 1 ), so two connections using orthogonal or 

2S nearly orthogonal Code 2 type spreading codes may ex- 
ist simultaneously in a single time slot (row B:). The 
Code 3 type spreading codes have a spreading ratio 
10*R (i.e. ten times that of Code 1), so different combi- 
nations of orthogonal or nearly orthogonal spreading 

30 codes may exist simultaneously; on row C: the time slot 
accommodates five connections with Code 3 type 
sreading codes and one with a Code 2 type spreading 
code, and on row D: there are ten simultaneous connec- 
tions with Code 3 type spreading codes. A simple com- 

3S parison between Figures 2a and 2b shows that the time- 
code division may be interpreted to define slots in a fash- 
ion that is analogous to the use of time-frequency or 
time-time-division. 

Apart from the slot dimensions, the capacity of a 

40 slot, i.e. the amount of data that can be transmitted in 
one slot, depends on the modulation and error protec- 
tion methods used in the coding of the data, as well as 
of the rest of the signal structure in the slot. In the time- 
frequency arrangement according to Figure 2a, where 

45 the allowed bandwidths are 200 kHz, I MHz and 2 MHz. 
it has been found advantageous to use. on the two nar- 
rower bandwidths (200 kHz and 1 MHz) a binary-offset 
QAM (B-O-QAM, Binary Offset Quadrature Amplitude 
Modulation) and on the widest bandwidth (2 MHz) a qua- 

so ternary offset QAM (Q-O-QAM, Quaternary Offset 
Quadrature Amplitude Modulation), Other modulation 
methods are also possible; they are as such known to 
the person skilled in the art. 

Figure 3 illustrates a superf rame according toa pre- 

ss ferred embodiment of the invention. It was already point- 
ed out that the Invention does not limit the number of 
consecutive frames contained in the superframe, but 
advantageous numbers are powers of two. At its short- 
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est, a superframe may consiHHnly one frame. In the 
case of Figure 3, the superfram^Q contains four chron- 
ologically consecutive frames 1 4. Here the frames have 
consecutive numbers, so that the number of the first 
frame is described by letter N representing a non-neg- 
ative integral, the next frame is N + 1 , the next N + 2 and 
the number of the last frame in the superframe is N + 3. 
The time slots of the frames are also numbered with con- 
secutive non-negative integrals, so that the first time slot 
in each frame is number 0. and the last time slot is 
number 7. The drawing also illustrates, by way of exam- 
ple, the division of the slots into payload slots and control 
data slots. Slots containing payload information, i.e. 
transmittable data proper, are marked with letter I (In- 
formation), and the slots containing control data, i.e. sig- 
nalling data, are marked with letter C (Control). 

The control data slots form one or several logic con- 
trol channels, which are available for instance for trans- 
mitting messages controlling the starting, maintaining or 
ending of a connection, for defining the need to change 
base stations and for exchanging commands and meas- 
urements relating to the transmission power and the 
power-saving mode of the mobile stations between the 
base station subsystemand the mobile stations. It is ad- 
vantageous to place the control slots in a certain rela- 
tively compact portion of each frame which contains 
control slots, because this way the rest of the frame may 
be very flexibly allocated in different modular slot com- 
binations. If the control slots would be scattered all over 
the frame structure, only a limited selection of allocata- 
ble slots would fit between them. 

According to the preferred embodiment of the in- 
vention, the base station subsystem (or a corresponding 
arrangement responsible for the division of radio re- 
sources) maintains a parametrized reservation table, 
which indicates the size and state of occupancy of each 
slot, as well as other possible parameters concerning 
the slot. Changes in the slot structure of the frames 14 
and/or in the allocation of slots for the use of given con- 
nections take place in between the superf rames, i.e. the 
reservation table remains valid for the duration of one 
superframe at a time. In order to ensure an optimal op- 
eration, the base station subsystem must have a reser- 
vation table routine, which maintains the reservation ta- 
ble according to given evaluation criteria. Among such 
important criteria that the reservation table routine takes 
into consideration before granting access to a new con- 
nection are for instance the traffic load, the type of in- 
formation contained in the new connection (for example 
speech, video, data), the priority defined on the basis of 
the new connection (for example ordinary call, emer- 
gency call), the general power level of the traffic load as 
well as the type of the data transmission connection (for 
example realtime, non-realtime). Moreover, it is possible 
to define more sophisticated criteria, such as the sus- 
ceptibility to interference of a given slot, and the trans- 
mission power required by the slot. 
If a certain base station takes into consideration the res- 



ervation tables of the^^unding base stations, too, it 
may in its own reservation table allocate the slots ac- 
cording to the power level and switching type of the con- 
nection. The former means that mobile stations applying 

5 a high power level and a low power level have their own 
allocated slots, which are located in the reservation ta- 
bles of adjacent base stations, in optimal locations with 
respect to the total interference of the system. The latter 
means that circuit-switched and packet-switched con- 

10 nections have their own slots located in the reservation 
tables of adjacent base stations in optimal locations with 
respect to the total interference of the system. Optimality 
is defined so that all users suffer as little as possible from 
the noise signals of other users. If the slots are allocated 

15 for instance according to the power level, the first base 
station grants low-power users (those located near the 
first base station) such slots, during which in the second 
base station there is a connection of a high-power user 
(one located far from the second base station). 

20 Previously known slot allocation methods are usu- 
ally sequential (of 8 available slots, for example slot 
number 0 is allocated first, then slot 1 and so on; or slot 
number 0 is allocated first, then slots 2. 4, and 6 in this 
order, then slots 1 , 3, 5, and 7) or random. In connection 

2S with the present invention it has been found advanta- 
geous to use a slot allocation method that takes into con- 
sideration the different evaluation parameters that may 
be presented to describe each slot. The base station 
subsystem may measure the level of noise in each slot 

30 and arrange the free and allocatable slots according to 
their quality, i.e. noise level. If a new slot request indi- 
cates that the desired new connection should have very 
tight realtime requirements with only limited retransmis- 
sion possibilities, the base station subsystem will give it 

35 a very high-quality slot with low noise levels. A non-re- 
altime connection with good retransmission tolerance 
could get a lower-quality slot, in order to keep the best 
slots free for possible future realtime connection re- 
quests. The size of a slot is important: if there are both 

40 small and large slots free and available in a frame, and 
a new slot request indicates only .a small need of re- 
sources, it is advisable to allocate an existing small slot 
for it even if it could get a better quality slot through re- 
placement of a larger slot with a group of smaller slots 

4S In a modular fashion and allocation of one of those. 

The representation of the slot allocation method in 
the base station subsystem may be an allocation equa- 
tion or a logical algorithm (conclusion chain). The former 
means that the base station gives different calculational 

so weights to the relevant factors in consideration (noise 
level, realtime sen/ice requirements, need for splitting 
of large slots, estimated power level, etc.) and calcu- 
lates a result that points at a certain slot. The latter 
means that the base station subsystem maintains a set 

5S of candidate slots and evaluates them one at a time to 
find out which one would suit best to the newly request- 
ed connection. 

Figure 11 illustrates an exemplary logical algorithm that 
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the base station subsysterr^^^ use to determine, 
which slot it will allocate to a given new connection. Op- 
eration begins with a slot request 100 which may come 
either from the network side (downlink slot request) or 
from the mobile station's side (uplink slot request). In 
block 101 the base station subsystem checks, which 
frame storage (uplink or downlink) it should choose. The 
actual selection of a storage (reservation table) is done 
as a background process in blocks 102, 103, and 104, 
and the algorithm proceeds to block 106. Here a frame 
selection process 107, 108, 109 similar to the frame 
storage selection is initiated. In the Figure we suppose 
that each superf rame consists of two frames. 

In block 110 the base station subsystem starts the 
evaluation process from the time slot that has the lowest 
fragmentation value, i.e. that contains the largest slots. 
In block 111 it rejects all timeslots where the new con- 
nection would result in multtcarrier allocation. In block 
1 12 it checks, whether there are any other factors that 
would prevent the use of the time slot (too small slot 
capacity, preset transmission power limitations, unac- 
ceptably high noise levels etc.) and if not, it updates the 
set of candidate time slots. Block 1 1 4 causes a repetition 
of steps 110, 111, 112, 113, and potentially 105 until all 
timeslots have been scanned. In block 11 5 the base sta- 
tion finds the best candidate time slot by applying certain 
radio resource management rules and selection criteria. 
There may be for example two best candidates with 
equally low interference, and the base station subsys- 
tem must examine, whether the estimated power re- 
quirement for the new connection agrees with certain 
preset power and noise limitations in each slot and 
whether choosing of any of the best candidates would 
imply calculational penalty in the form or splitting a large 
slot into smaller ones. 

After having made the selection in block 115, the 
base station subsystem additionally checks in block 
116, whether the calculated quality estimates 117 indi- 
cate a sufficiently high transmission quality. Normally 
the procedure continues to block 1 1 8, but it may happen 
that evan the best candidate slot will not offer enough 
quality. In such cases the base station subsystem 
branches into block 119, where it initiates a possible op- 
eration mode change to enhance the transmission qual- 
ity. The procedure ends in a slot assignment decision 
120. 

In the method according to the invention, the shar- 
ing of radio resources takes place in similar fashion both 
as regards realtime and non-realtime services: the base 
station subsystem (or a corresponding arrangement re- 
sponsible for the division of radio resources) allocates 
slots for each service according to their needs. Similar 
control messages and mechanisms regulate the distri- 
bution of radio resources in both cases; only the detailed 
content of the control messages and some principles of 
allocation and deallocation are somewhat different de- 
pending on the type of service in question. Data trans- 
mission over radio path during an already created con- 
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nection is somewhat dl^Pht depending on whether the 
service in question is realtime or non-realtime. Applica- 
tions requiring realtime or nearly realtime service are for 
instance speech transmission in packets and the video 
5 connection required by a videophone. In a simulation of 
the method according to the invention it was presup- 
posed that In the transmission of speech, in between the 
base station subsystemand the mobile station there is 
achieved a bit error ratio (BER) 10-^, when the longest 
10 allowed data transmission delay is 30 ms. In a video 
connection required by a videophone, the correspond- 
ing values are 10"® and 100 ms, where the longer delay 
is caused by the time interleaving of the transmitted da- 
ta. These sen^ices apply a forward error correction 
^5 (FEC) type error correction and a radio resource reser- 
vation protocol to be explained in more detail below. A 
non-realtime service is for instance file transmission in 
an ordinary Internet connection. It applies packet-type 
data transmission and an ARQ-type error correction 
20 protocol (automatic repeat on request). 

We shall next observe realtime uplink data trans- 
mission in an ordinary case, with reference to Figures 
4a and 4b. The arrows of the Figure 4a represent data 
transmission between a base station (BS) and a mobile 
25 station (MS) in chronological order so that time in the 
drawing passes from top to bottom. Certain super- 
frames transmitted by the base station contain so-called 
Y slots, where the base station notifies when in the up- 
link direction there are next found PRA (packet random 
30 access) slots. I.e. such points in the uplink superframe 
where the mobile stations can send capacity requests. 
Arrow 20 represents the data transmitted in an Y slot of 
a given downlink superframe concerning the location of 
the next PRA slots. If the PRA slots would have a con- 
3S stant location in each uplink frame or superframe, the 
base station would not need to announce their location 
in an Y slot, but it adds flexibility to the system to reserve 
the base station subsystem the possibility of placing the 
PRA slots in the most suitable way and to change their 
40 location between superframes. 

In one of the successive PRA slots the mobile sta- 
tion transmits, according to arrow 21 , a PRA message 
where it identifies itself and informs what type of con- 
nection is requested (realtime, coding, slot type etc. fac- 
45 tors). Because there is no coordination whatsoever be- 
tween different mobile stations, it may happen that sev- 
eral mobile stations transmit a PRA message simulta- 
neously. 

In that case one at the most is received. However, 
50 in Figure 4a It is assumed that the PRA message ac- 
cording to arrow 21 is received, in which case in the PAG 
(packet access grant) slot of the next downlink frame 
the base station notifies, according to arrow 22, that a 
given uplink slot or slots are granted for the mobile sta- 
55 tion. At the same time it informs the location of the grant- 
ed slot (slots) in the uplink superframe. In the packet 
access protocols of the prior art the requesting station 
generally obtains as its radio resource that time slot or 
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other corresponding resourc^^P where it transmitted 
a successful capacity request. Tfccording to the present 
invention, the slot (or slots) allocated to the connection 
can be located anywhere within the scope of the next 
uplink superf fames. 5 

When the mobile station has received information 
of the granted radio resources, it starts data transmis- 
sion according to arrow 23. During the connection there 
may arise a situation where the mobile station wants to 
Increase the amount of radio resources it has available. io 
In that case it reserves further slots according to arrow 
24, by means of the same procedure that was explained 
above, i.e. by transmitting a capacity request where it 
indicates what size and type the new slot should be. It 
may also happen that during the connection, the data ^5 
transmission demand of the mobile station decreases, 
and it wishes to reduce the employed radio resources. 
Now it ends transmission in given slots according to ar- 
row 25, in which case the base station can allocate the 
released slots to the use of other connections. Arrow 26 20 
represents a message whereby the mobile station ends 
transmission. 

Figure 4b serves to clarify the relation of some the 
above-mentioned messages to the frame and super- 
frame timing. Here we assume that there are two frames 2$ 
14 in each superframe 19. We further assume that the 
downlink (DL) direction transmission occurs simultane- 
ously with the corresponding uplink (UL) direction trans- 
mission, the two being separated from each other 
through for example Frequency Division Duplexing 30 
(FDD), i.e. placing them on different frequency bands. 
Still further, we assume that in the middle of each frame 
14 there is a range of control slots that appear shaded 
in Figure 4b. It is advantageous to place the control slot 
ranges coincidentally in time in both downlink and uplink 3S 
directions, because it will prevent the loss of important 
control information due to simultaneous traffic transmis- 
sion. Taken the other way raound, it will also prevent the 
loss of any traffic transmission opportunities due to con- 
trol information reading. The chronological order of the 40 
frames in Figure 4b is from left to right. 

The mobile station listens to the downlink transmis- 
sion DL and finds the slot addresses of the next availa- 
ble PRA slots in a message that the base station trans- 
mits in a Y slot. These available PRA slots are situated 
in the second frame of the leftmost superframe in Figure 
4b. The dashed line represents a logical connection be- 
tween the slots, in other words it shows that in the Figure 
the message sent in a certain Y slot governs the use of 
the PRA slots in the following complete UL frame. The so 
mobile station uses a PRA slot to transmit a PRA mes- 
sage to the base station. Taken that the attempt is suc- 
cesful, the base station transmits a PAG message in a 
PAG slot of the next complete DL frame. The PAG mes- 
sage tells the mobile station to use a certain slot (or cer- ss 
tain slots) RT from the next complete UL frame for the 
desired transmission carrying real time traffic. The 
dashed lines from the PAG slot to the next complete UL 



frame show that the 
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!d UL slot may be anywhere 



in^the frame. The transmission continues in the same 
slot until the data source is exhausted or the base sta- 
tions sends a separate RT uplink channel update com- 
mand (not shown in Figure 4b). 

A downlink realtime data transmission takes place 
according to Figures 5a and 5b. A separate slot capacity 
request is not needed, because the base station sub- 
system itself maintains the resen/ation table for the slots 
and Is thus able to direct downlink data transmission to 
a suitable slot. The message that tells the location of the 
chosen slot(s) to the mobile station can be transmitted 
to the mobile station through packet paging (PP) chan- 
nels, at least one of which is read by each active mobile 
station. The repetition of the PP message in the packet 
paging channel, illustrated by arrows 27 and 28, means 
that the base station transmits a PP message until the 
mobile station answers (or until a given time limit is sur- 
passed). The mobile station that has received the trans- 
mitted PP message echoes, according to arrow 29, the 
PP message back to the base station as a packet paging 
acknowledgement (PPA). The base station starts trans- 
mission 30 after receiving, intermediated by the PPA, 
confirmation that the call was received. The resource 
demands of downlink data transmission can also 
change during the connection, in which case the base 
station subsystem allocates more slots to the connec- 
tion (when resource demand grows) 31 or releases part 
of the slots (when resource demand decreases) 32. No- 
tification of the changes is transmitted to the mobile sta- 
tion advantageously through packet paging. Arrow 33 
illustrates the ending of the transmission. 
Figure 5b clarifies the relation of PP and PPA messages 
and downlink realtime data transmissions to the frame 
and superframe timing in an embodiment where we 
again assume simultaneous FDD uplink and downlink 
transmission with two frames 14 per superframe 19. Af- 
ter the base station has transmitted a PP message, the 
first acknowledging chance for the mobile station Is In 
the PPA slots of the next complete UL frame. After re- 
ceiving the PPA acknowledgement message the base 
station may start the realtime DL data transmission In 
the next complete DL frame. It continues the realtime 
DL data transmission in the same slot in each following 
DL superframe, until the data source becomes exhaust- 
ed (exhaustion not Illustrated In the Figure), which the 
mobile station detects when it finds that the slot is empty. 

Several simultaneous connections requiring real- 
time service may exist, in between a given mobile sta- 
tion and base station, both In the uplink and downlink 
direction. Simultaneous connections are also called par- 
allel connections. According to a preferred embodiment, 
the mobile station has a given temporary logic identifier 
which distinguishes It among other mobile stations com- 
municating with the same base station subsystem. The 
length of this identifier can be for Instance 12 bits. In 
order to distinguish between parallel connections, there 
may be used a short (for instance 2-bit) additional iden- 
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tifier. When the mobile stati^^fthes, during a given 
connection, to start a paralle^ealtime connection, it 
sends the base station subsystem a capacity request 
where it notifies Its temporary logic identifier as well as 
its additional identifier with a value different than the val- 5 
ue of the additional identifier describing the preceding 
ongoing realtime connection. Respectively, the base 
station subsystem may start a new downlink parallel, re- 
altime connection by transmitting a PP message where 
it includes the logic identifier of the mobile station for io 
which the message is intended, plus an additional iden- 
tifier with a value different than the values of additional 
identifiers describing already ongoing realtime connec- 
tions. On the basis of the additional identifier, each re- 
ceiving station knows whether the transmitting station is 
wishes to increase the capacity of some ongoing real- 
time connection or to start a new parallel connection. 

Figures 6a and 6b illustrate a non-realtime uplink 
data transmission in a normal case. Arrow 34 corre- 
sponds to arrow 20 in Figure 4a, I.e. It represents the 20 
data concerning the location of the next PRA slots trans- 
mitted in the Y slot of a given downlink superframe. In 
one of the successive PRA slots, the mobile station 
transmits, according to arrow 35, a PRA message where 
it identifies Itself and notifies how much non-realtime da- 25 
ta it wishes to transmit. The amount of data can be given 
for instance in bytes. In the next PAG slot, the base sta- 
tion notifies, according to arrow 36, what is the location 
of the control slot resen/ed as the uplink-direction con- 
trol channel in the downlink superframe. I n the next con- 30 
trol slot, the base station transmits, according to arrow 
37, the locations in the uplink superframe of the first slots 
resen/ed for the connection. In these slots, the mobile 
station transmits uplink data according to arrow 38. The 
uplink slots are grouped for instance so that 16 slots 3S 
form a group. A control message according to arrow 37 
has transmitted for the mobile station information of the 
location of these 16 slots. When the mobile station has 
transmitted 1 6 slotted messages, it receives, according 
to arrow 39. in the next control slot from the base station 40 
subsystem a response, where the base station informs 
how the data was received in the slots of the first group. 
If the base station has found fault in some slots, the mo- 
bile station nriust retransmit the data contained in these 
slots. The control message illustrated by arrow 39 also ^ 
contains information of the location of the slots belong- 
ing to the next group, in which case uplink transmission 
continues in these slots according to arrow 40. Trans- 
mission ends when the mobile station has transmitted 
all of the desired Information. so 

In the above cases, the realtime service of Figure 
4a, and In the non-realtime service of Figure 6a, the in- 
terpretation of the reservation message is different. In 
the realtime service, there is reserved a given radio re- 
source (slot) for continuous use from consecutive su- ss 
perframes. This means the same as the reservation of 
a given transmission rate (x bits/s) for the use of the con- 
nection. In the case of a non-realtime sen/ice, the re- 



sources are reserved^^he transmission of a given 
amount of bits or bytes. In which case the data trans- 
mission rate need not be constant. If there are a lot of 
radio resources available, the base station subsystem 
may, in the control messages represented by arrows 37 
and 39, grant for the mobile station slots that are very 
near to each other. If the rest of the traffic load of the 
base station Is heavy, or If It grows during the non-real- 
time connection, each superframe contains less free 
slots, and the control messages described by arrows 37 
and 39 grant for the mobile station slots that are located 
further away from each other In the data flow. 

Figure 6b illustrates the timing in the setup phase 
of a non-realtime uplink connection. The graphical con- 
ventions are the same as in Figures 4b and 5b. The op- 
eration begins when the mobile station finds the slot ad- 
dress of the next available PRA slot(s) in a message 
that was transmitted in a Y slot from the base station. 
The mobile station sends a PRA message, which is here 
supposed to reach the base station at the first attempt. 
In the next complete downlinkf rame containing PAG slot 
(s) the base station sends a PAG message that identifies 
an NRT control slot (NC) from the following superframe. 
In the first NC slot the base station transmits a message 
in which it gives an address for a downlink ARQ slot as 
well as the addresses for the first granted uplink NRT 
traffic slots. The first one(s) of the granted uplink NRT 
traffic slots may be In the next complete uplink frame at 
earliest. The mobile station starts transmission in the al- 
located NRT traffic slots and the base station acknowl- 
edges the transmissions with ARQ messages and 
grants further uplink NRT traffic slots in the following NC 
slots. This continues until the total amount of uplink NRT 
data has been sent. 

A downlink non-realtime data transmission differs 
from what was explained above and is illustrated in Fig- 
ures 7a and 7b. When the base station subsystem wish- 
es to transmit non-realtime data for the mobile station, 
it first transmits, according to arrow 41 , a PP message 
containing Information of the location of the slot or slots 
reserved to an uplink acknowledgement channel in up- 
link superframes, as well as of the location of the first 
slots reserved for the data to be transmitted in the down- 
link superframes. Arrow 42 illustrates the retransmis- 
sion of the same PP message. When the mobile station 
notifies in a PPA message according to arrow 43 that it 
is ready for reception, the base station subsystem trans- 
mits the data in the previously informed slots according 
to arrow 44. The mobile station sends a positive or neg- 
ative ARQ response 45 of the received data, which re- 
sponse may also contain measuring results used for 
downlink power regulation or similar information. If the 
location or amount of the downlink slots Is changed, the 
base station subsystem notifies the mobile station to 
that effect, according to arrow 46. The transmission 
ends when the base station subsystem has transmitted 
all of the desired data and received a positive response. 
Naturally the transmission may end prematurely, if inter- 
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ference cuts the connection ^^mnobWe station moves 
to an area covered by some otner base station. 

In Figure 7b the downlink non-realtime transmission 
starts with a PP message sent by the base station In a 
PP slot of a certain downlink frame. The mobile station 
responds by sending, in a PPA slot identified in the PP 
message, a PPA message and optionally an empty ARQ 
message in the corresponding slot that was also identi- 
fied in the PP message. The first downlink transmission 
will occur at earliest in the next complete downlink frame 
following the frame during which the base station re- 
ceived the mobile station's PPA message. The mobile 
station acknowledges the downlink NRT transmission in 
its ARQ replies and the process continues until the non- 
realtime downlink data source has been exhausted (not 
shown in the Figure). 

In non-realtime connections there can be applied 
the same principle of parallel connections that was ex- 
plained above, in the description of realtime services. 
However, because the radio resource control method 
according to the invention aims at a situation where up 
to all othenA^ise free slots can be temporarily allocated 
to a given non-realtime connection, the concept of par- 
allel connections is not as important for non-realtime 
services as it is for realtime services. In the case of non- 
realtime services, a non-realtime data transmission task 
can generally be finished before starting the next. 

The invention does not require that the radio trans- 
mission capacities in uplink and downlink transmission 
should be equal as suggested by the graphical layout of 
Figures 4b, 5b, 6b and 7b. On the contrary, the invention 
allows the base station subsystem (or a corresponding 
arrangement responsible for the division of radio re- 
sources) to allocate slots from the uplink frames for 
downlink traffic or vice versa. For example in teleshop- 
ping, electronic newspaper services and WWW (World 
Wide Web) browsing the need for downlink capacity is 
far greater that the need for uplink capacity, which could 
result in unbalanced resource usage if the system ca- 
pacities in uplink and downlink could not be made asym- 
metrical dynamically. 

When the slot allocation routine has decided to al- 
locate an uplink slot to downlink traffic the base station 
subsystem simply tells the mobile station in a PP mes- 
sage that the slot it should receive is in uplink domain 
(for example, on uplink frequency) instead of the usual 
downlink. In the opposite situation, in which a downlink 
slot is allocated for uplink transmission, a PAG message 
(in realtime services) or an NC message (in non-real- 
time services) from the base station subsystem allows 
the mobile station to use a certain nominally downlink 
slot or slots for its uplink transmission. It has to be noted, 
however, that changing the transmission direction in the 
middle of a superframe requires a guard interval in be- 
tween, the length of which is equal to two times the max- 
imum propagation delay in the cell. It is therefore advis- 
able to group the slots Into compact blocks that contain 
only slots in one and the same transmission direction, 



in order not to waste tlVm multiple consecutive trans- 
mission direction changes. If the coverage area of a cer- 
tain base station is so small that the length of the guard 
inten/al is negligible, this restriction may be somewhat 
s relieved. 

Figure 8 illustrates the exchange of transmissions 
on the downlink frequency band DL and uplink frequen- 
cy band UL when some uplink transmission capacity is 
reserved for realtime downlink use. The graphical con- 

10 ventions are the same as in Figures 4b, 5b, 6b and 7b, 
except that an additional crossed hatch now denotes a 
portion of the frames received for downlink use and an 
inclined hatch denotes a portion of the frames received 
for uplink use. During the first superframe period the 

?5 base station transmits in a Y slot Y1 a message that tells 
the mobile station the location of PRA slots PRA1 in the 
next complete uplink frame. The mobile station uses the 
PRA opportunity to transmit a PRA message that reach- 
es the base station and results in a PAG message PAG1 

20 in the next complete downlink frame. The PAG message 
allocates a slot T1 UL (or a group of slots) to the mobile 
station. From that moment on until the exhaustion of the 
uplink realtime data source (not shown in the Figure) the 
mobile station uses this allocation regularly in each su- 

2S perframe to transmit its realtime data. 

In the second frame of the second superframe the 
base station transmits a PP message PP2 indicating its 
willingness to transmit realtime downlink data to the mo- 
bile station. The PP message PP2 identifies a slot (or a 

30 group of slots) T2DL from the second frame In each fol- 
lowing uplink superframe. The mobile station transmits 
its PPA answer PPA2 in the next complete uplink frame, 
after which the base station starts using the identified 
(cross-hatched) portion T2DL of the uplink superframes 

3S for a downlink realtime transmission. The uplink fre- 
quency band UL is now effectively time-division du- 
plexed (TDD). When the downlink transmission using 
the slot T2DL ends (not shown in the Figure), the uplink 
frequency band may retum to a purely uplink state or 

40 the base station subsystem may allocate uplink capacity 
to another downlink transmission. Naturally there may 
be a multitude of simultaneous uplink and downlink con- 
nections in use, in the setup phase, or in the teardown 
phase, but for graphical clarity these are not shown in 

4S the Figures. 

Next we shall consider some further duplexing as- 
pects. One alternative is to arrange the uplink and down- 
link transmission in each cell according to time division 
duplex (TDD). In that case the transmission is not chron- 

50 ologically continuous in either of the directions, but 
transmissions in the two directions alternate on a frame 
basis during each superframe. Only one frequency 
band, common for both the uplink and downlink direc- 
tions, is needed in the cell. If the users use a radio con- 

5S nection controlled according to the method of the 
present Invention for browsing the www (World Wide 
Web) or for another similar purpose, where the data 
transmission need in one direction is manifold com- 
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pared to the other direction ^^|m-browsing the vol- 
ume of the downlink data transmission is 7 - 15 times 
the volume of the uplink data transmission), the time di- 
vision duplex can be arranged so that in each super- 
frame, X consecutive downlink frames are followed by 
Y consecutive uplink frames (or Y consecutive uplink 
frames are followed by X consecutive downlink frames), 
where the relation of the integrals X and Y is X > Y. Still 
further, the cross-allocation scheme explained previ- 
ously may be introduced so that even if there is a pre- 
determined (fixed or dynamically changing) number of 
frames for each transmission direction, the base station 
subsystem may allocate downlink slots for uplink trans- 
missions or vice versa. 

Figure 9 illustrates the exchange of transmissions 
in fully time-division duplexed operation with all four pos- 
sible combinations of uplink, downlink, realtime and 
non-realtime. Each row in the Figure represents a single 
frequency band that is used (here: symmetrically) for 
both uplink and downlink transmission. Asuperframe 19 
consists of two frames 1 4, the first of which is for down- 
link (DL) and the second is uplink (UL). The shaded por- 
tion of each frame contains control slots. On the top row 
(Uplink RT) the mobile stations finds in a Y slot downlink 
transmission the slot addresses of the next available 
PRA slots, which are in the uplink frame of the same 
superframe. It transmits a PRA message and receives 
in the next downlink frame a PAG message allocating a 
slot from the uplink frame. Thereafter the mobile station 
uses this regularly occurring slot for uplink realtime 
transmission. On the second row (Downlink RT) the 
base station transmits a PP message that identifies a 
downlink information slot from the next complete down- 
link frame on. The mobile station responds with a PPA 
message, whereafter the downlink realtime transmis- 
sion commences. 

On the third row (Uplink NRT) of Figure 9, the mobile 
station transmits a PRA message after having found a 
correct PRA slot address in a received Y slot message. 
In the downlink frame of the next superframe the base 
station sends a PAG message that identifies an NRT 
control slot (NC) from the downlink frame of the third 
superframe. In the first NC slot the base station then 
transmits a message in which it gives an address for a 
downlink ARQ slot as well as the addresses for the first 
granted uplink NRT traffic slots. The first one(s) of the 
granted uplink NRT traffic slots may be in the uplink 
frame of the same superframe at earliest. The mobile 
station starts transmission in the allocated NRT traffic 
slots and the base station acknowledges the transmis- 
sions with ARQ messages and grants further uplink NRT 
traffic slots in the following NC slots. On the last row 
(Downlink NRT) the downlink non-realtime transmission 
starts with a PP message sent by the base station in a 
PP slot. The mobile station responds by sending, In a 
PPA slot identified in the PP message, a PPA message 
and optionally an empty ARQ message in the corre- 
sponding slot that was also identified in the PP mes- 



sage. The first down1i^06nsmlsslon will occur at ear- 
liest in the downlink frame of the next superframe. The 
mobile station acknowledges the downlink NRT trans- 
mission in its ARQ replies and the process continues 

s until the non-realtime downlink data source has been 
exhausted (not shown in the Figure). 

The radio resources control method according to 
the invention also offers a possibility for regulating the 
transmission power during radio connection. Above we 

10 referred to the fact that the control slots contained in the 
superframes form one or several logic control channels. 
One two-way logic channel per connection can be called 
a SCCH channel (system control channel), which in a 
preferred embodiment of the invention comprises, per 

IS each active connection, one slot (in the above given 
time-frequency space example one 200 kHz slot) per 
sixteen superframes both in the uplink and downlink di- 
rections. The SCCH channel is used for the whole du- 
ration of the active data transmission period, and it can 

20 be employed for instance for transmitting measure- 
ments relating to the power level, for arranging the mu- 
tual timing of the base station subsystem and the mobile 
station, for transmitting information relating to a hando- 
ver to a different base station and for transmitting com- 

25 mands directed from the base station subsystem to the 
mobile station. The base station subsystem may for in- 
stance command the mobile station into a so-called 
sleep mode, where the mobile station is inactive for a 
predetermined period of time in order to save power. 

30 Another possibility offered by the method according 
to the invention for regulating the power level of mobile 
stations is a public power control channel (PPCC) inde- 
pendent of the slot division in the frames. In order to 
realise it, each downlink frame comprises a given PPCC 

35 slot containing a given amount of power control bits per 
each possible slot in the corresponding uplink frame. 
The amount of power control bits in the PPCC slot can 
be chosen so that if the respective frame would be alto- 
gether composed of the smallest possible slots, each 

40 slot would have its own bits. When the frame in practice 
contains larger slots, too, in the controlling of each larger 
slot there are used all those bits of the PPCC slot that 
refer to the area of the larger slot. This arrangement is 
illustrated in Figure 10. The PPCC slot 47 comprises the 

45 first power control bits 48 and the second power control 
bits 49. If the corresponding uplink frame 50 would com- 
prise only small slots 51 and 52, the first power control 
bits 48 would control the first slot 51 and the second 
power control bits 49 would control the second slot 52. 

so if the small slots in the uplink frame are modularly re- 
placed by a larger slot 53, the power control bits 48 and 
49 control the same slot 53, which brings either more 
resolution or redundance to the control. Thus the struc- 
ture of the PPCC slot can be independent of the slot 

ss structure of the frames in the uplink channel. A similar 
control channel structure and principle can also be ap- 
plied in other types of radio resource control connected 
to the superframe. For example, the point of time of the 
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transmission of each slot car^^pontrolled by a similar 
procedure. 

The slot allocation principles that were presented 
previously may be applied also to the existing TDMA 
systems like the GSM system or the IS-136 system to s 
increase the data transmission capacity of a given radio 
connection. The size of an allocated slot in a single fre- 
quency band will come bigger in the chronological di- 
rection if several consecutive slots of each cyclically re- 
peated frame are given to a single connection. Alterna- io 
tlvely or additionally the connection may get slots from 
both uplink and downlink frames, without the limitation 
that uplink frame slots should be for uplink use only and 
downlink frame slots for downlink use only. This means 
that the newly allocated larger slot would actually con- is 
sist of at least two separate areas in the time-frequency 
space, with a forbidden separator frequency band sep- 
arating the nominal "uplink" and "downlink" frequencies 
in a manner known as such from prior art. 

Figure 1 2a shows a block diagram of a base station 20 Claims 
subsystem BSS according to the invention. The func- 
tions of the BSS are controlled by a microcontroller 200. 1. 
The microcontroller 200 is in contact with a slot allocator 
201 , which performs the slot allocation according to cal- 
culations and/or an algorithm. Data of the different slots 2S 
are stored as a a slot reservation table 202 in a memory. 
The table includes a list of uplink slots 202a and down- 
link slots 202b indicating size and state of each slot as 
well as any other possible parameters and which mobile 
station a slot is allocated to. According to the slot alio- so 
cation information received from the slot allocator 201 
the microcontroller controls the transceiver 203 of the 
BSS to function in transmission and reception according 
to the allocation. The transceiver 203 may include a 
packet former/deformer 205 for forming a data packet 55 
for transmission, whereafter a code adder 206 adds a 
code if code is one of the dimensions of the slot. A mod- 
ulator 207 and a RF transmitter 208 modulate the signal 
to radio frequency and form the carrier signal which is 
then transmitted by the antenna 204. Accordingly blocks 40 
205 - 208 form a slot under control of the microcontroller 
200 in accordance with the slot allocation. In reception 
blocks 205 - 208 perform the reverse functions under 
control of the microcontroller 200. Blocks 200 - 202 may 
be part of the base station controller BSC or they may 
be included in the base station BTS. Blocks 203 - 204 
are part of the base station BTS. 

Figure 12b shows a block diagram of a mobile sta- 
tion subsystem MS according to the invention. The func- 
tions of the MS are controlled by a microcontroller 300. so 
The microcontroller 300 is in contact with a slot table 
301. which stores Information about the slots allocated 
for the mobile station by the base station. The table in- 
cludes a list of uplink slot(s) and downlink slot(s) indi- 
cating size as well as any other possible parameters, ss 2. 
According to the slot table 301 the microcontroller con- 
trols the transceiver 303 of the MS to function in trans- 
mission and reception according to slot table. The trans- 



m 



ceiver 303 may inclufl^Ppacket former/deformer 305 
for forming a data packet for transmission, whereafter a 
code adder 306 adds a code if code is one of the dimen- 
sions of the slot. A modulator 307 and a RF transmitter 
308 modulate the signal to radio frequency and form the 
carrier signal which is then transmitted by the antenna 
304. Accordingly blocks 305 - 308 form a slot under con- 
trol of the microcontroller 300 in accordance with the slot 
table. In reception blocks 305 - 308 perform the reverse 
functions under control of the microcontroller 300. 

In the specification above, we have described a 
method for controlling radio resources with reference to 
a few preferred embodiments. It is obvious for a man 
skilled in the art that the explained examples are not 
meant to be restrictive, but the invention can, according 
to ordinary professional skills, be modified within the 
scope of the appended patent claims. 



A method for controlling physical radio resources in 
a radio system comprising a base station subsys- 
tem and several mobile stations in radio connection 
thereto, characterised in that the physical radio re- 
sources are divided into chronologically consecu- 
tive frames (14). said frames containing two-dimen- 
sional slots (16, 17. 18) having varying data trans- 
mission capacities, in which case 

the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in at least one frame are 
each dynamically assignable for the use of a 
given radio connection for the duration of the 
frame, 

the first dimension of the slots is time and the 
second dimension of the slots is one ofthe fol- 
lowing: time, frequency, code; 

and the base station subsystem makes a decision 
of allocating the slots for the radio connections on 
the basis of 

the data transmission needs of the radio con- 
nections, 

the changes in the data transmission needs of 
the radio connections, and 
the size and state of occupancy of the slots. 

A method according to claim 1 , characterised in 
that the slots contained in the frame belong, accord- 
ing to the volume of the respective physical radio 
resources, to at least two different allowed size cat- 
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egories, and that in ordd^^ange the slot struc- 
ture of a frame, a predetermined integral number of 
the slots of the first size category can be replaced 
by a predetermined integral number of the slots of 11. 
the second size category. s 

A method according to claim 2, characterised in 

that the amount of allowed size categories is three, 

in which case the slot (16) of the largest size cate- 12. 

gory is equal to two slots (17) of the next largest 

size category or to ten slots ( 1 8) of the smallest size 

category. 



I c^^^^rms 



for transmission dl^^rmation and control slots (C) 
for realising logic control channels. 

A method according to claim 10, characterised in 
that a downlink signal comprises a general logic 
control channel (47) provided for the signalling con- 
nected to slotwise radio resource control. 

A method according to claim 10, characterised in 
that each control slot (C) belongs, according to the 
physical radio resources represented thereby, to 
one of the allowed size categories. 



4. A method according to claim 2, characterised in 
that the amount of allowed size categories is four, is 
in which case the slot of the largest size category Is 
equal to two slots of the next largest size category, 
four slots of the third largest size category or eight 
slots of the smallest size category. 



A method according to claim 1 , characterised in 
that each frame is divided, in the direction of the first 
dimension, to a predetermined amount of time slots 
(15), and each time slot is further divided into slots. 
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6. A method according to claim 5, characterised in 
that time-time-division is applied, whereby each slot 
occupies the whole frequency range of the corre- 
sponding time slot but the length of each slot in the 
time dimension depends on its data transmission 30 
capacity. 

7. A method according to claim 5, characterized in 

that time-frequency division is applied, whereby 
each slot occupies the whole chronological duration 35 
of the corresponding time slot but the width of each 
slot in the frequency dimension depends on its data 
transmission capacity. 

8. A method according to claim 5, characterized in 40 
that time-code division is applied, whereby each 
slot occupies the whole chronological duration of 

the corresponding time slot but the data transmis- 
sion capacity of each slot depends on the corre- 
sponding spreading code. 45 

9. A method according to claim 1, characterised in 
that a predetermined non-negative Integral number 
of consecutive frames forms a superframe (19), so 
that in consecutive superframes, such frames that so 
are located in similar positions when starting from 

the beginning of the superframe correspond to each 
other with respect to the slot division, if changes 
have not occurred in the data transmission need of 
the radio connections in between the superframes. 5S 

10. A method according to claim 9, characterised in 
that each superframe contains both slots (I) meant 



13. A method according to claim 1, characterised in 
that a predetermined frequency band is used to 
convoy both downlink slots and uplink slots accord- 
ing to a time-division duplexing scheme. 

14. A method according to claim 13, characterised in 

that a predetermined non-negative integral number 
of consecutive frames forms a superframe (1 9) and 
each superframe contains a first number of down- 
link frames and a second number of uplink frames. 

15. A method according to claim 13, characterised in 
that a predetermined first frequency band is used 
to convoy nominally downlink slots and a predeter- 
mined second frequency band is used to convoy 
nominally uplink slots, but in response to unsym- 
metrical traffic conditions in uplink and downlink di- 
rection, slots are cross-allocated so that nominally 
downlink slots are used to convoy uplink traffic or 
nominally uplink slots are used to convoy downlink 
traffic. 

16. A method according to claim 1, characterised in 

that the base station subsystem maintains a reser- 
vation table in order to indicate the size and state 
of occupancy of the slots in the frames and in order 
to maintain an optimal rate of usage. 

17. A method according to claim 16, characterised In 

that the base station subsystem evaluates the qual- 
ity of at least one allocatable slot and makes a de- 
cision of allocating or non-allocating said slot to a 
connection on the basis of the transmission quality 
required by said connection. 

18. A method according to claim 16, characterised in 
that it comprises in the base station subsystem the 
steps in which, as a response to a slot request, 

either uplink or downlink frame storage is cho- 
sen, 

a frame storage is chosen, 

a set of candidate time slots from the chosen 

frame storage is formed, 

a set of predetermined selection criteria is ap- 
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plied to find the bes^^Hidate time slot, 
the transmission qualityoffered by the selected 
best candidate time slot is checked and 
a decision to allocate a slot from the best can- 
didate time slot is made. s 

19. A method according to claim 16, characterised in 

that the base station subsystem makes a decision 
of allocating the slots for the radio connections also 
on the basis on the information contained in the res- io 
ervation tables of neighbouring base station sub- 
systems. 

20. A method according to claim 1 9, characterised in 
that the base station subsystem allocates slots on is 
the basis of the transmission power used for com- 
munication by different mobile stations, so that a 
first mobile station that uses low transmission pow- 
er to communicate with a first base station wilt be 
allocated a slot that coincides chronologically with 20 
a slot allocated to a second mobile station that uses 
high transmission power to communicate with a 
second base station. 



arr^jj^c 



cates the am^Prof physical radio resources 
required by the radio connection, and 

making an allocation decision in the base sta- 
tion subsystem as a response to said capacity 
request. 

23. A method according to claim 22, characterised in 
that the location and amount of the allowed uplink 
capacity request slots in relation to the frame struc- 
ture is not constant and the base station subsystem 
transmits, in a predetermined downlink slot, an an- 
nouncement Indicating the location and amount of 
the allowed uplink capacity request slots. 

24. A method according to claim 22, where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission services, 
characterised in that In order to reserve radio re- 
sources for the use of a radio connection for uplink 
realtime data transmission sen/ices, the mobile sta- 
tion Indicates in its capacity request (21) the re- 
quired data transmission capacity. 



21. A method according to claim 19, characterised in 
that the base station subsystem allocates slots on 
the basis of the communication type used by differ- 
ent mobile stations, so that circuit-switched and 
packet-switched connections have their own slots 
located in the resen^ation tables of adjacent base 
stations in optimal locations with respect to the total 
interference of the system. 

22. A method for setting up an uplink radio connection 
between a base station subsystem and a mobile 
station in a radio system comprising a base station 
subsystem and several mobile stations, in which ra- 
dio system the physical radio resources are divided 
into chronologically consecutive frames (14), char- 
acterized in that said frames contain two-dimen- 
sional slots (16, 17, 18), in which case 



25 25. A method according to claim 24, characterised in 
that the mobile station additionally indicates in its 
capacity request a predetermined set of parameters 
describing the required qualities of the radio con- 
nection. 

30 

26. A method according to claim 24, characterised in 
that when the data transmission capacity demand 
grows during an ongoing radio connection for uplink 
realtime data transmission services, the mobile sta- 
35 tion sends the base station subsystem a capacity 
request (24). where it indicates the required addi- 
tional data transmission capacity. 



27. A method according to claim 24, characterised in 

40 that when the data transmission capacity demand 
diminishes during an ongoing radio connection for 
uplink realtime data transmission services having 
several allocated slots, the mobile station leaves at 
least one of the allocated slots unused. 

45 

28. A method according to claim 24, characterised in 
that each mobile station has a certain temporary 
logic identifier in order to distinguish the mobile sta- 
tion from other mobile stations operating under the 

so same base station subsystem, and in order to re- 
serwe radio resources for the use of a radio connec- 
tion for parallel uplink realtime data transmission 
services, the mobile station sends the base station 
subsystem a capacity request where it indicates 

55 

its temporary logic identifier 
the required parallel data transmission capaci- 
ty, and 



- ■ the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: time, frequency, code; 
and that the method comprises the steps of 
transmitting from the mobile station, in an al- 
lowed uplink capacity request slot, a capacity 
request (21 , 35), where the mobile station indi- 
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an additional identifi^^Pich distinguishes the 
parallel radio connection from other ongoing ra- 
dio connections convoying realtime data trans- 
mission services. 

29. A method according to claim 22, where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission services, 
characterised in that in order to reserve radio re- 
sources for the use of a radio connection for uplink 
non-realtime data transmission services, the mobile 
station indicates in its capacity request (21) the 
amount of data to be transmitted. 



as a respond^^a detected paging acknowl- 
edgement message, commencing downlink 
transmission from the base station subsystem. 

s 32. A method according to claim 31 , where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission sen/ices, 
characterised in that in order to fomri a radio con- 
nection for downlink realtime data transmission 

10 sen/ices, the base station subsystem indicates in 
the paging message (27, 28), for the regularly re- 
peated slots allocated to the radio connection, their 
location in relation to the frame structure. 



30. A method according to claim 22, characterised in 
that in its allocation decision the base station sub- 
system has the freedom of directing the required ra- 
dio connection into any available slot and after the 
allocation decision the base station subsystem 
transmits to the mobile station in a predetermined 
downlink access granting slot an indication of the 
granted slot or slots. 

31. A method for setting up a downlink radio connection 
between a base station subsystem and a mobile 
station in a radio system comprising a base station 
subsystem and several mobile stations, in which ra- 
dio system the physical radio resources are divided 
into chronologically consecutive frames (14). char- 
acterized in that said frames contain two-dimen- 
sional slots (16, 17, 18), In which case 

the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: time, frequency, code; 
and that the method comprises the steps of 
making an allocation decision in the base sta- 
tion subsystem as a response to the detected 
need of a new downlink radio connection indi- 
cating the amount of physical radio resources 
required by the radio connection, 
transmitting from the base station subsystem to 
the mobile station a paging message (27, 28, 
41, 42), that announces the location of the 
downlink slot or slots allocated to the radio con- 
nection in said allocation decision, 
as a response to a detected paging message, 
transmitting from the mobile station a paging 
acknowledgement message and 



15 33. A method according to claim 32, characterised in 
that when the data transmission capacity demand 
grows during an ongoing radio connection for down- 
link realtime data transmission services, the base 
station subsystem makes an additional slot atloca- 
20 tlon decision and sends the mobile station a paging 
message (27, 28, 41, 42), that announces the loca- 
tion of the additional downlink slot or slots allocated 
to the radio connection. 

25 34. A method according to claim 32, characterised in 
that when the data transmission capacity demand 
diminishes during an ongoing radio connection for 
downlink realtime data transmission services hav- 
ing several allocated slots, the base station makes 
30 a slot deallocation decision concening at least one 
of the allocated slots and leaves the corresponding 
slots unused. 

35. A method according to claim 32, characterised in 
35 ' that each mobile station has a given temporary logic 

identifier in order to distinguish the mobile station 
from other mobile stations operating under the 
same base station subsystem, and in order to re- 
sen^e radio resources for the use of a radio connec- 
40 tion for parallel downlink realtime data transmission 
services, the base station subsystem sends the mo- 
bile station a paging message, where it indicates 

the temporary logic identifier of the mobile sta- 
45 tion 

- • the location of the regularly repeated slots allo- 
cated to the parallel radio connection and 
an additional identifier, which distinguishes the 
parallel radio connection from other ongoing ra- 
sa dio connections convoying realtime data trans- 
mission sen/ices. 

36. A method according to claim 31, where the radio 
system additionally offers the mobile station real- 
ms time and non-realtime data transmission services, 

characterised in that in order to form a radio con- 
nection for downlink non-realtime data transmission 
sen/ices, the base station subsystem indicates in 



20 
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45 



so 
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the paging message (41 location of the first 

slots for non-realtime dat^ansmission services in 
relation to the frame structure, and to announce a 
change in either the location or the amount of the 
slots allocated for non-realtime data transmission s 
services during the connection, the base station 
subsystem notifies the new location or amount of 
the slots by sending a new paging message. 

37. A base station subsystem for a radio telecommuni- io 

cation system having base station subsystems and 
mobile stations, the base station subsystem having 
means for arranging the communicated information 
into chronologically consecutive frames, charac- 
terised in that the base station subsystem addition- 
ally comprises means for directing the communicat- 
ed information of each radio connection into at least 
one cyclically repeated two-dimensional slot in the 
frames, in which case 



the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: time, frequency, code; 

and the size of said slot in relation to the size of a 
frame is dependent on the data transmission capac- 
ity required by the respective radio connection. 



(ty requests il^^announced access slot, 
receiving and interpreting capacity requests 
from the mobile stations, 
making slot allocation decisions that allocate 
slots to radio connections requested and iden- 
tified in the capacity requests and 
producing access granting messages and 
transmitting them in a predetermined slot se- 
lectively to those mobile stations whose capac- 
ity requests were granted in the slot allocation 
decisions. 



38. A base station subsystem according to claim 37, 
characterised in that it further comprises means for 
maintaining a resen^ation table in order to indicate 40 
the size and state of occupancy of the slots in the 
frames and in order to maintain an optimal rate of 
usage. 

39. A base station subsystem according to claim 38, 4S 
characterised in that it further comprises means for 
communicating information concerning reservation 
tables with its neighbouring base station subsys- 
tems. 

so 

40. A base station subsystem according to claim 37, 
characterized in that in order to set up uplink con- 
nections it further comprises means for 

producing a general access slot location an- ss 
nouncement and transmitting it to all mobile 
stations in a predetermined downlink slot in or- 
der to advice the mobile stations to send capac- 



41. A base station subsystem according to claim 37, 
characterized in that in order to set up downlink 
IS connections it further comprises means for 

producing paging messages and transmitting 
them in a predetermined slot selectively to 
those mobile stations to which a downlink con- 
20 nection is to be established, said paging mes- 

sages indicating at least one allocated downlink 
slot. 

receiving and interpreting paging acknowl- 
edgement messages from the mobile stations, 
25 and 

directing a downlink transmission into the allo- 
cated downlink slots indicated in the paging 
message. 

30 42. A mobile station for a radio telecommunication sys- 
tem having base station subsystems and mobile 
stations, the mobile station having means for ar- 
ranging the communicated information into chron- 
ologically consecutive frames, characterised in 
35 that the mobile station additionally comprises 
means for directing the communicated Information 
of each radio connection into at least one cyclically 
repeated two-dimensional slot In the frames. In 
which case 



the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: time, frequency, code; 

and the size of said slot in relation to the size of a 
frame is dependent on the data transmission capac- 
ity required by the respective radio connection. 

43. A mobile station according to claim 42, character- 
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Ized in that in order to 
f urtlier comprises means 



nsTor 



uplink connections it 



receiving and interpreting access slot location 
announcements transmitted from a base sta- 
tion subsystem, 

producing a capacity request and transmitting 
it in an access slot identified in an access slot 
location announcement, 
receiving and Interpreting an access grant mes- 
sage from the base station subsystem identify- 
ing at least one granted slot and 
directing information transmissions into said at 
least granted slot. 

44. A mobile station according to claim 42, character- 
ized in that in order to set up downlink connections 
it further comprises means for 



10 



IS 



and the size of sllfP^t in relation to the size of a 
frarrie is dependent on the data transmission capac- 
ity required by the respective radio connection. 



receiving and interpreting paging messages 20 
transmitted from a base station subsystem, 
said paging messages indicating at least one 
allocated downlink slot, 

producing a paging acknowledgement mes- 
sage and transmitting it in an acknowledge- 2S 
ment slot, and 

receiving and interpreting downlink transmis- 
sions in said at least one allocated downlink 
slot. 

30 

45. A mobile station according to claim 44, character- 
ised in that it further comprises means for identify- 
ing the acknowledgement slot on the basis of the 
information included in a paging message. 

35 

46. A radio telecommunication system having base sta- 
tion subsystems and mobile stations, the base sta- 
tion subsystems and mobile stations having means 
for arranging the communicated information into 
chronologically consecutive frames, characterised 40 
in that the base station subsystems and mobile sta- 
tions additionally comprise means for directing the 
communicated information of each radio connec- 
tion into at least one cyclically repeated two-dimen- 
sional slot in the frames, in which case 4S 

the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, so 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 55 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: time, frequency, code; 
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[0001] The invention relates generally to sharing radio 
resources between various users in a cellular radio sys- 
tem. Particularly the invention relates to sharing radio 
resources in a system where the users* data transmis- 
sion needs, both in quality and quantity, change rapidly. 

BACKGROUND OF THE INVENTION 

[0002] At the moment of filing this application, the 
most general form of mobile personal telecommunica- 
tion is a second-generation digital cellular radio network; 
these networks Include the European systems GSM 
(Global system for Mobile telecommunications) and its 
extension DCS 1800 (Digital Communications System 
at 1800 MHz), the North American (USA) systems IS- 
136 (Interim Standard 136), IS-95 (Interim Standard 95) 
and the Japanese system PDC (Personal Digital Cellu- 
lar). These systems transmit mainly speech, telefaxes 
and short text messages, as well as digital data at a lim- 
ited speed, for Instance files transmitted between com- 
puters. Several third-generation systems are being de- 
signed, the aims being world-wide coverage, a large se- 
lection of data transmission services and a flexible shar- 
ing of capacity, so that a given user may, when desired, 
transmit and/or receive even a large amount of data at 
a high speed. 

[0003] The European Telecommunications Stand- 
ards Institute ETSI has suggested a third-generation 
mobile telecommunications system called UMTS (Uni- 
versal Mobile Telecommunications System). Its aim is a 
wide operating environment including homes, offices, 
urban and rural environments as well as stationary and 
mobile stations. The selection of services is large, and 
in addition to the currently known mobile telephones, the 
types of mobile stations include for instance multimedia 
terminals and multipurpose terminals that mediate tele- 
communications between the UMTS system and vari- 
ous local systems. 

[0004] Figure 1 illustrates an exemplary cell 11 of the 
UMTS system, provided with a stationary base station 
subsystem 12 (BSS), within the range of which there ex- 
ist or move, along with the users, several different mo- 
bile stations 13. The base station subsystem may com- 
prise one or several base stations, as well as a base 
station controller controlling their operation. In between 
the base station subsystem and the mobile stations, 
there is a radio connection, for which a given radio fre- 
quency range is reserved, and the operation of which is 
regulated by the specifications of the system. The time 
and frequency range available for the radio connection 
together define so-called physical radio resources. One 
of the biggest challenges of the base station subsystem 
is to control the use of these physical radio resources 
so that all terminals located in the cell coverage are at 



any moment capabl^^receiving data transmission 
services of the requested quality, and that adjacent cells 
interfere with each other as little as possible. 
[0005] From the prior art systems, there are known 
5 several methods for sharing radio resources. In time di- 
vision multiple access (TDMA), each of the employed 
transmission and reception frequency bands is divided 
into time slots, among which the base station subsystem 
allocates one or several cyclically repeated time slots to 
10 the use of a given terminal. In frequency division multiple 
access (FDMA), the utilised frequency range is divided 
into very narrow bands, among which the base station 
subsystem allocates one or several to each terminal. 
Many current systems apply a combination of these, 
15 where each narrow frequency band is further divided in- 
to time slots. In coded division multiple access (CDMA), 
each connection between the mobile station and the 
base station subsystem obtains a spreading code, 
whereby the transmitted Information is spread randomly 
20 within a fairly large frequency range. The codes used 
within the cell coverage are mutually orthogonal or near- 
ly orthogonal, in which case a receiver that recognises 
the code may distinguish the desired signal and atten- 
uate other simultaneous signals. In orthogonal frequen- 
25 cy division multiplex (OFDM), suited mainly for broad- 
casting-type services, data is transmitted from the trans- 
mitting central station on a wide frequency band, which 
is divided into equidistant sub-frequencies, and the si- 
multaneous phase shifts of these sub-frequencies cre- 
30 ate a two-dimensional bit flow in the time-frequency 
space. 

[0006] As for the technology of packet switched radio 
networks, there are also known various packet-based 
connection protocols, where the connection between 

35 the mobile station and the base station subsystemis not 
continuous but proceeds in packages with pauses of 
varying durations in between. Compared with continu- 
ous connection systems, i.e. with so-called circuit- 
switched networks, there is achieved the advantage that 

40 the radio resources required by a given connection are 
not unnecessarily occupied when there is a temporary 
pause in the connection. A drawback is generally a long- 
er data transmission delay, because after each pause, 
the transmission of a new packet requires the exchange 

45 of certain control or signalling messages between the 
mobile station and the base station. Delays can also be 
caused by different routing of the packages between 
transmitter and receiver. 

[0007] It is typical of third-generation cellular radio 
50 networks that for instance in the case of Figure 1 , with 
some of the terminals 13 it suffices to have a fairiy low- 
capacity radio connection with the base station, but 
some of them need, at least temporarily, a remarkably 
larger share of the common radio resources than the 
55 others. Low-capacity connections can be for example 
speech connections, and a high-capacity connection 
can be for example the loading of an image file in a data 
network connection via the base station subsystem to 



the mobile station, or a vide(^^pe connection during 
a videophone call. In the prio^mTthere is not known a 
method where the base station subsystem could divide 
the available radio resources in a flexible and dynamic 
way between the various users. Some related prior art 
methods are discussed in the following. 
[0008] US Patent No. 5 533 044 discloses a frame 
structure where the size of each time slot is the same. 
Different amounts of data may be transferred in each 
time slot by choosing the modulation method according 
to need. 

[0009] The article "TDMA Based Adaptive Modulation 
with Dynamic Channel Assignment (AMDCA) for Large 
Capacity Voice Transmission in Microcellular Systems" 
by T. Ikeda et al in Electronics Letters, vol. 32, no. 13, 
20 June 1996, pages 1175 - 1176, discloses another 
frame structure with a multiple of equally sized slots. 
Each connection has the same data rate, but different 
modulation methods are employed to compensate for 
the varying connection quality. A troubled connection is 
given more slots than the connections with better qual- 
ity, so that the troubled connection may employ a more 
robust modulation scheme. 

[0010] Patent document No. GB 2 1 74 571 discloses 
a frame structure that may accommodate a varying 
number of time slots. Each connection has the same da- 
ta rate, but different modulation schemes are again used 
to provide robustness against noise and Interference. 
The length of each time slot In a frame depends on the 
modulation method used in the connection to which the 
time slot has been allocated. 

[0011] Patent document No. EP 633 671 describes a 
method for multiplexing the acknowledgement messag- 
es used in a packet switched radio communication sys- 
tem. Instead of letting every mobile station transmit its 
acknowledgement messages freely In a Random Ac- 
cess (RA) slot the system divides the RA slot into sub- 
slots by cutting it into shorter time intervals or allocating 
orthogonal codes for the duration of the RA slot. Only 
one mobile station or a small group of mobile stations is 
allowed to transmit in each subslot to reduce the risk of 
acknowledgement messages colliding with each other. 
[0012] A standard specification for the DECT stand- 
ard, namely document ETS 300 175-2 Second edition, 
September 1996 discloses the use of full-slots, half- 
slots and double-slots. Also, another DECT standard 
document, namely document ETS 300 175-1 Second 
edition, September 1996 discloses dynamic channel al- 
location where a selection of channels is made prior to 
their use. 

[0013] Further document Baler A. et al. "Design Study 
for a CDMA-Based Third-Generation Mobile Radio Sys- 
tem", May 1994 discloses a CDMA system with time 
multiplexed Traffic Channels (TCH) and Dedicated Con- 
trol Channels (DCCH) on layer 2 within every CDMA 
frame. 
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[0014] An object of the present Invention is to intro- 
duce a method for a flexible and dynamic division of ra- 
5 dio resources in the base station subsystem of a cellular 
radio network. 

SUMMARY OF THE INVENTION 

10 [0015] The object of the Invention is achieved by di- 
viding the radio resources in the base station subsystem 
- or in a similar arrangement responsible for the division 
of radio resources - into frames, among which the base 
station subsystem can allocate, according to the traffic 

15 demands of the moment, various sizes of modular, par- 
ametrized sections to be used by the different connec- 
tions. These frames are repeated cyclically so that the 
repetition sequence contains either a single frame or a 
group of consecutive frames. 

20 [0016] The invention is characterised in what is said 
in the characterizing portions of claims 1 , 37, 42 and 46. 
[0017] In the method of the invention, the so-called 
physical layer of the transmission channel between a 
first radio station and a second radio station Is divided 

25 Into frames. The exemplary denominations "base sta- 
tion" and "mobile station" are used to distinguish the ra- 
dio stations from each other throughout this patent ap- 
plication. Each frame may be further divided into smaller 
units, the size of which Is defined by two coordinates or 

30 dimensions, which makes the subdivision of a frame 
conceptually two-dimensional in structure. The first di- 
mension is time; this means that the frame has a given 
duration in time, which can be further divided into con- 
secutive time slots. In a preferred embodiment of the 

35 invention, each frame contains an equal number of time 
slots, but the usage of the time slots may vary from one 
frame to another. The second dimension can be fre- 
quency or code. If the second dimension is frequency, 
there can be extracted. In each time slot contained by 

40 the frame, frequency bands that are narrower than the 
total allocated frequency band covered by the frame. If 
the second dimension Is code, a given number of mu- 
tually orthogonal or nearly orthogonal codes Is available 
during each time slot. 

45 [0018] The smallest resource unit to be allocated from 
one frame is a slot, the size of which is in the first dimen- 
sion defined by the length of the time slot and In the sec- 
ond dimension by a division unit determined according 
to the nature of the second dimension. For instance in 

50 a time-frequency frame, the size of the slot In the second 
dimension is the bandwidth of the frequency band em- 
ployed In each case. One slot is always allocated as a 
whole to the use of one connection. It is Important to 
notice that in this patent application, a time slot is con- 

55 ceptually a different thing that a slot. A time slot is gen- 
erally a division unit of a frame in the time dimension. A 
slot Is the unit of physical radio resources that may be 
allocated to a single connection. 



[0019] A certain predetern^Hnumber of consecu- 
tive frames forms the so-calle^uperframe. Because in 
digital systems various numbers in general are most 
naturally powers of two, the superframe advantageously 
contains 1, 2, 4, 8, 16, 32 or 64 frames. The flexibility 5 
and dynamic adaptability of the method according to the 
invention are both due the fact that the slots contained 
by a given frame are not necessary equal in size, that 
the slot structure of the frames contained in the super- 
frame Is not necessarily similar, and that it Is not neces- io 
sary to allocate an equal number of slots from a frame 
or superframe to each connection. The slot structure 
and the reservation of slots for the use of various con- 
nections can change superframe by superframe. On the 
other hand, if the data transmission need does not 15 
change, the first frame in a given superframe has a sim- 
ilar slot structure as the first frame of the preceding su- 
perframe, the second frame is similar to the second 
frame of the preceding superframe, and so forth. The 
word superframe is naturally only an exemplary denom- 20 
ination to a concept that may represent one or more con- 
secutive frames. 

[0020] . In an uplink data transmission, I.e transmission 
that proceeds from the mobile stations to the base sta- 
tion subsystem, the mobile stations need some kind of 25 
arrangement by which they can reserve data transmis- 
sion capacity for use. In a preferred embodiment of the 
invention, each uplink superframe contains random ac- 
cess slots, during which the mobile stations can freely 
send packet-shaped capacity requests. Respectively, 30 
downlink superframes contain allocation grant slots, 
where the base station subsystem notifies the granted 
allocations. Granting takes place on the basis of capac- 
ity requests received successfully by the base station 
subsystem and according to the priority regulations set 35 
for different types of connections and the prevailing traf- 
fic load. The base station subsystem advantageously 
maintains a superframe-size reservation table, where it 
manages the allocations so that the available radio re- 
sources are utilised In an optimal fashion. 40 
[0021] In a downlink data transmission the base sta- 
tion subsystem allocates data transmission capacity 
similarly according to the priority regulations set for dif- 
ferent types of connections and the prevailing traffic 
load . It notifies the downlink allocations preferably in the ^5 
same paging messages that it uses to inform the mobile 
stations about incoming downlink transmission re- 
quests. Once a mobile station has acknowledged the 
correct reception of a paging message, the downlink 
transmission may begin using the allocated transmis- so 
slon capacity. 
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Figure 2b 
Figure 3 

Figure 4a 



Figure 4b 
Figure 5a 

Figure 5b 
Figure 6a 

Figure 6b 
Figure 7a 

Figure 7b 
Figure 8 

Figure 9 
Figure 10 

Figure 1 1 
Figure 12a 

Figure 12b 



lllustrat^^known cell in a cellular sys- 
tem, 

illustrates some structural elements of a 
frame according to the Invention, 
illustrates a variation of Figure 2b, 
illustrates a superframe according to a 
preferred embodiment of the invention, 
illustrates an uplink realtime data trans- 
mission according to a preferred embod- 
iment of the Invention, 
illustrates a timing aspect of the messag- 
es of Figure 4a. 

illustrates a downlink realtime data trans- 
mission according to a preferred embod- 
iment of the invention. 
Illustrates a timing aspect of the messag- 
es of Figure 5a, 

illustrates an uplink non-realtime data 
transmission according to a preferred 
embodiment of the invention, 
illustrates a timing aspect of the messag- 
es of Figure 6a, 

illustrates a downlink non-realtime data 
transmission according to a preferred 
embodiment of the invention, and 
illustrates a timing aspect of the messag- 
es of Figure 7a, 

illustrates a timing aspect of messages in 
asymmetric trasmisslon resource shar- 
ing according to a preferred embodiment 
of the invention, 

illustrates full TDD operation according to 
the invention. 

Illustrates a method according to the In- 
vention for regulating the transmission 
power, and 

illustrates an advantageous algorithm for 
slot allocation. 

shows a block diagram of a base station 
subsystem according to the invention, 
and 

shows a block diagram of a mobile station 
according to the Invention. 



[0023] Figure 1 was already referred to above, in the 

description of the prior art; therefore we shall mainly re- 
fer to Figures 2a - 11 in the description of the invention 
and its preferred embodiments below. Like numbers for 
like parts are used in the drawings. 

DISCUSSION OF PREFERRED EMBODIMENTS 



BRIEF DESCRIPTION OF DRAWINGS 

[0022] The invention is described in more detail be- 
low, with reference to the preferred embodiments pre- 
sented as examples and to the appended drawings, 
where 



[0024] Figure 2a Illustrates a two-dimensional frame 
14 according to a preferred embodiment of the inven- 
55 tion. In the above description it was maintained that the 
first dimension of the frame Is time and the second di- 
mension can be either time, frequency or code. In the 
case of Figure 2a. the second dimension of the frame 



14 is frequency or time. The ^^Pf the frame in the di- 
rection of both dimensions mus^e chosen so that it is 
compatible with other specifications set for the system. 
In this example, the length of the frame in the time di- 
rection is about 4.615 milliseconds, and it is divided, in 
the time direction, into eight time slots, in which case 
the length of one time slot 15 is about 0.577 ms. The 
frame width in the frequency direction Is about 2 MHz. 
[0025] The smallest uniform structural elements of the 
frame, i.e. the slots, are various subdivisions of a time 
slot 15. In the lower left portion of Figure 2a, time-fre- 
quency division is applied, whereby the chronological 
length of each slot Is the same as that of a time slot, but 
its width in the frequency direction may be 200 kHz, 1 
MHz or 2 MHz. Reference number 16 denotes a large, 
0.577 ms X 2 MHz slot, reference number 17 denotes a 
medium-sized, 0.577 ms x 1 MHz slot, and reference 
number 18 denotes a small, 0.577 ms x 200 kHz slot. In 
the lower right portion of the Figure, time-time division 
is applied, whereby each slot employs the whole 2 MHz 
bandwidth of the system but its chronological duration 
may be 1/1 , 1/2, or 1/10 of the length of a time slot. Ref- 
erence number 16 denotes again a large, 0.577 ms x 2 
MHz slot, reference number 17 denotes a medium- 
sized, 0'.2885 ms x 2 MHz slot and reference number 1 8 
denotes a small, 0.0577 ms x 2 MHz slot. In those divi- 
sions in which five small slots share a time slot with one 
medium-sized slot (row C: of the division examples), it 
Is naturally possible to present a mirror image alterna- 
tive (for example a time slot which begins with a medi- 
um-sized slot and ends with five small slots). 
According to another suggestion, the number of differ- 
ent slot size categories is four, and their relative sizes 
are such that the slot of the largest size category would 
correspond to two slots of the second largest size cate- 
gory, four slots of the third largest size category and 
eight slots of the smallest size category. Also other ar- 
rangements for the relative slot sizes are possible. 
[0026] A carrier wave solution, where one frame can 
contain several elements with different widths on the fre- 
quency band, is called a parallel multicarrier structure. 
The base station subsystem may change the frame 
structure, so that it replaces one large slot by two medi- 
um-sized, ten small or one medium-sized plus five small 
slots or vice versa, or so that it replaces one medium- 
sized slot by five small slots or vice versa. This property 
is called the modularity of the frame: a given slot or slot 
group forms a module (like the group of five small slots 
18 on row C: of the division examples), which can in the 
corresponding time slot contained in some later frame 
be replaced by a different module (like a single medium- 
sized slot 1 7 on row B: of the division examples), so that 
the rest of the contents of the frame are not changed, 
and the available bandwidth is always optimally utilised. 
The invention does not as such limit neither the number 
of time slots contained in the frame nor the widths of 
allowed carrier bands, but in order to maintain modular- 
ity, it is particularly advantageous that the slots are each 
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other's integral multip^pK/ith respect to their dimen- 
sions. For instance three 250 kHz wide slots in time-fre- 
quency division could not be modulariy replaced by 450 
kHz wide slots, but only one 450 kHz slot would fit in the 
5 space left by the three narrower slots, and 300 kHz of 
the bandwidth would remain unused. 
[0027] The invention does not require that the frame 
would occupy a continuous range of frequencies (2 MHz 
in Figure 2a). It is possible to define a frame so that it 
10 covers two or more separate frequency bands. Even a 
single slot may cover two or more separate frequency 
bands, which naturally requires the corresponding 
transceiver to have multiple operation capabilities, i.e. 
in reception the capability of receiving on at least two 
15 different reception frequency bands simultaneously and 
combining the received information correctly, and in 
transmission the capability of dividing information into 
at least two separate transmitter branches and transmit- 
ting it simultaneously on at least two different transmis- 
20 sion frequency bands. 

[0028] Figure 2b illustrates a CDMA alternative to the 
division of time slots according to Figure 2a. During each 
time slot 15 there may be a different number of allowed 
spreading codes, with different spreading ratios. The 
25 spreading ratio is a characteristic feature of a spreading 
code and from the viewpoint of resource sharing it de- 
fines how much physical radio resources must be allo- 
cated to a single connection. The bigger the spreading 
ratio of a spreading code used in a connection, the lower 
30 the bit rate In that connection, and correspondigly the 
larger the number of possible simultaneous connections 
during a given period of time using a given bandwidth. 
In the example of Figure 2b, three types of spreading 
codes are available. The Code 1 type spreading codes 
35 have such a small spreading ratio R that information that 
is transmitted with a Code 1 type spreading code fills 
the capacity of a whole time slot (row A:). The spreading 
ratio of Code 2 type spreading codes is 2*R (i.e. twice 
that of Code 1 ), so two connections using orthogonal or 
40 nearly orthogonal Code 2 type spreading codes may ex- 
ist simultaneously in a single time slot (row B:). The 
Code 3 type spreading codes have a spreading ratio 
10*R (i.e. ten times that of Code 1), so different combi- 
nations of orthogonal or nearly orthogonal spreading 
45 codes may exist simultaneously; on row C: the time slot 
accommodates five connections with Code 3 type 
sreading codes and one with a Code 2 type spreading 
code, and on row D: there are ten simultaneous connec- 
tions with Code 3 type spreading codes. A simple com- 
50 parison between Figures 2a and 2b shows that the time- 
code division may be interpreted to define slots in a fash- 
Ion that is analogous to the use of time-frequency or 
time-time-division. 

[0029] Apart from the slot dimensions, the capacity of 
55 a slot, i.e. the amount of data that can be transmitted in 
one slot, depends on the modulation and error protec- 
tion methods used in the coding of the data, as well as 
of the rest of the signal structure in the slot. In the time- 
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frequency arrangement accd^^Bto Figure 2a, where 
the allowed bandwidths are 2oWhz, 1 MHz and 2 MHz, 
it has been found advantageous to use, on the two nar- 
rower bandwidths (200 l<Hz and 1 MHz) a binary-offset 
QAM (B-O-QAM, Binary Offset Quadrature Amplitude 5 
Modulation) and on the widest bandwidth (2 MHz) a qua- 
ternary offset QAM (Q-O-QAM, Quaternary Offset 
Quadrature Amplitude Modulation). Other modulation 
methods are also possible; they are as such known to 
the person skilled in the art. io 
[0030] Figure 3 illustrates a superframe according to 
a preferred embodiment of the invention. It was already 
pointed out that the invention does not limit the number 
of consecutive frames contained in the superframe, but 
advantageous numbers are powers of two. At its short- i5 
est, a superframe may consist of only one frame. In the 
case of Figure 3, the superframe 1 9 contains four chron- 
ologically consecutive frames 14. Here the frames have 
consecutive numbers, so that the number of the first 
frame is described by letter N representing a non-neg- 20 
ative integral, the next frame is N + 1 , the next N + 2 and 
the number of the last frame in the superframe is N + 3. 
The time slots of the frames are also numbered with con- 
secutive non-negative integrals, so that the first time slot 
in each frame is number 0, and the last time slot is 25 
number 7. The drawing also Illustrates, by way of exam- 
ple, the division of the slots into payload slots and control 
data slots. Slots containing payload information, i.e. 
transmittable data proper, are marked with letter I (In- 
formation), and the slots containing control data, i.e. sig- 30 
nailing data, are marked with letter C (Control). 
[0031] The control data slots form one or several logic 
control channels, which are available for instance for 
transmitting messages controlling the starting, main- 
taining or ending of a connection, for defining the need 35 
to change base stations and for exchanging commands 
and measurements relating to the transmission power 
and the power-saving mode of the mobile stations be- 
tween the base station subsystemand the mobile sta- 
tions. It Is advantageous to place the control slots in a "^o 
certain relatively compact portion of each frame which 
contains control slots, because this way the rest of the 
frame may be very flexibly allocated in different modular 
slot combinations. If the control slots would be scattered 
all over the franie structure, only a limited selection of ^5 
allocatable slots would fit between them. 
[0032] According to the preferred embodiment of the 
invention, the base station subsystem (or a correspond- 
ing an-angement responsible for the division of radio re- 
sources) maintains a parametrized reservation table, 
which indicates the size and state of occupancy of each 
slot, as well as other possible parameters concerning 
the slot. Changes in the slot structure of the frames 14 
and/or in the allocation of slots for the use of given con- 
nections take place in between the superframes, i.e. the 55 
reservation table remains valid for the duration of one 
superframe at a time. In order to ensure an optimal op- 
eration, the base station subsystem must have a reser- 



vation table routine, \A/I^pfnaintains the reservation ta- 
ble according to given evaluation criteria. Among such 
important criteria that the reservation table routine takes 
into consideration before granting access to a new con- 
nection are for instance the traffic load, the type of in- 
formation contained In the new connection (for example 
speech, video, data), the priority defined on the basis of 
the new connection (for example ordinary call, emer- 
gency call), the general power level of the traffic load as 
well as the type of the data transmission connection (for 
example realtime, non-realtime). Moreover, it is possible 
to define more sophisticated criteria, such as the sus- 
ceptibility to interference of a given slot, and the trans- 
mission power required by the slot. 
If a certain base station takes Into consideration the res- 
ervation tables of the surrounding base stations, too, it 
may in its own reservation table allocate the slots ac- 
cording to the power level and switching type of the con- 
nection. The former means that mobile stations applying 
a high power level and a low power level have their own 
allocated slots, which are located in the reservation ta- 
bles of adjacent base stations. In optimal locations with 
respect to the total interference of the system. The latter 
means that circuit-switched and packet-switched con- 
nections have their own slots located in the reservation 
tables of adjacent base stations in optimal locations with 
respect to the total interference of the system. Optimallty 
is defined so that all users suffer as little as possible from 
the noise signals of other users. If the slots are allocated 
for instance according to the power level, the first base 
station grants low-power users (those located near the 
first base station) such slots, during which In the second 
base station there is a connection of a high-power user 
(one located far from the second base station). 
[0033] Previously known slot allocation methods are 
usually sequential (of 8 available slots, for example slot 
number 0 is allocated first, then slot 1 and so on; or slot 
number 0 Is allocated first, then slots 2, 4, and 6 in this 
order, then slots 1 , 3, 5, and 7) or random. In connection 
with the present invention it has been found advanta- 
geous to use a slot allocation method that takes into con- 
sideration the different evaluation parameters that may 
be presented to describe each slot. The base station 
subsystem may measure the level of noise in each slot 
and arrange the free and allocatable slots according to 
their quality, i.e. noise level. If a new slot request indi- 
cates that the desired new connection should have very 
tight realtime requirements with only limited retransmis- 
sion possibilities, the base station subsystem will give it 
a very high-quality slot with low noise levels. A non-re- 
altime connection with good retransmission tolerance 
could get a lower-quality slot, in order to keep the best 
slots free for possible future realtime connection re- 
quests. The size of a slot is important: if there are both 
small and large slots free and available in a frame, and 
a new slot request Indicates only a small need of re- 
sources, it is advisable to allocate an existing small slot 
for it even if it could get a better quality slot through re- 
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placement of a larger slot wi^^proup of smaller slots 
in a modular fashion and allocOTon of one of those. 
[0034] The representation of the slot allocation meth- 
od in the base station subsystem may be an allocation 
equation or a logical algorithm (conclusion chain). The 5 
former means that the base station gives different cal- 
culational weights to the relevant factors in considera- 
tion (noise level, realtime service requirements, need for 
splitting of large slots, estimated power level, etc.) and 
calculates a result that points at a certain slot. The latter io 
means that the base station subsystem maintains a set 
of candidate slots and evaluates them one at a time to 
find out which one would suit best to the newly request- 
ed connection. Figure 1 1 illustrates an exemplary logical 
algorithm that the base station subsystem may use to i5 
detemnine, which slot it will allocate to a given new con- 
nection. Operation begins with a slot request 100 which 
may come either from the network side (downlink slot 
request) or from the mobile station's side (uplink slot re- 
quest). In block 101 the base station subsystem checks, 20 
which frame storage (uplink or downlink) it should 
choose. The actual selection of a storage (reservation 
table) is done as a background process in blocks 102, 
103, and 104, and the algorithm proceeds to block 106. 
Here a frame selection process 107, 108, 109 similar to 25 
the frame storage selection is initiated. In the Figure we 
suppose that each superframe consists of two frames. 
[0035] In block 1 1 0 the base station subsystem starts 
the evaluation process from the time slot that has the 
lowest fragmentation value, i.e. that contains the largest 30 
slots. In block 111 it rejects all timeslots where the new 
connection would result in multicarrier allocation. In 
block 112 it checks, whether there are any other factors 
that would prevent the use of the time slot (too small slot 
capacity, preset transmission power limitations, unac- 36 
ceptably high noise levels etc.) and if not, it updates the 
set of candidate time slots. Block 114 causes a repetition 
of steps 110. Ill, 112. 113. and potentially 105 until all 
timeslots have been scanned. In block 115 the base sta- 
tion finds the best candidate time slot by applying certain <o 
radio resource management rules and selection criteria. 
There may be for example two best candidates with 
equally low.interference, and the base station subsys- 
tem must examine, whether the estimated power re- 
quirement for the new connection agrees with certain 45 
preset power and noise limitations in each slot and 
whether choosing of any of the best candidates would 
imply calculational penalty in the form or splitting a large 
slot into smaller ones. 

[0036] After having made the selection in block 115, so 
the base station subsystem additionally checks in block 
116, whether the calculated quality estimates 117 indi- 
cate a sufficiently high transmission quality. Normally 
the procedure continues to block 118, but it may happen 
that evan the best candidate slot will not offer enough 55 
quality. In such cases the base station subsystem 
branches into block 119, where it initiates a possible op- 
eration mode change to enhance the transmission qual- 



Ity. The procedure eri^pr a slot assignment decision 
120. 

[0037] In the method according to the invention, the 
sharing of radio resources takes place in similar fashion 
both as regards realtime and non-realtime services: the 
base station subsystem (or a corresponding arrange- 
ment responsible for the division of radio resources) al- 
locates slots for each service according to their needs. 
Similar control messages and mechanisms regulate the 
distribution of radio resources in both cases; only the 
detailed content of the control messages and some prin- 
ciples of allocation and deallocation are somewhat dif- 
ferent depending on the type of service in question. Data 
transmission over radio path during an already created 
connection is somewhat different depending on whether 
the service in question is realtime or non-realtime. Ap- 
plications requiring realtime or nearly realtime service 
are for instance speech transmission in packets and the 
video connection required by a videophone. In a simu- 
lation of the method according to the invention it was 
presupposed that in the transmission of speech, in be- 
tween the base station subsystemand the mobile station 
there is achieved a bit error ratio (BER) 10~^, when the 
longest allowed data transmission delay is 30 ms. In a 
video connection required by a videophone, the corre- 
sponding values are 10"^ and 100 ms. where the longer 
delay is caused by the time interleaving of the transmit- 
ted data. These services apply a forward error correc- 
tion (FEC) type error correction and a radio resource 
reservation protocol to be explained in more detail be- 
low. A non-realtime service is for instance file transmis- 
sion in an ordinary Internet connection. It applies pack- 
et-type data transmission and an ARQ-type error cor- 
rection protocol (automatic repeat on request). 
[0038] We shall next observe realtime uplink data 
transmission in an ordinary case, with reference to Fig- 
ures 4a and 4b. The arrows of the Figure 4a represent 
data transmission between a base station (BS) and a 
mobile station (MS) In chronological order so that time 
in the drawing passes from top to bottom. Certain su- 
perframes transmitted by the base station contain so- 
called Y slots, where the base station notifies when in 
the uplink direction there are next found PRA (packet 
random access) slots, i.e. such points in the uplink su- 
perframe where the mobile stations can send capacity 
requests. Arrow 20 represents the data transmitted in 
an Y slot of a given downlink superframe concerning the 
location of the next PRA slots. If the PRA slots would 
have a constant location in each uplink frame or super- 
frame, the base station would not need to announce 
their location in an Y slot, but it adds flexibility to the 
system to reserve the base station subsystem the pos- 
sibility of placing the PRA slots in the most suitable way 
and to change their location between superframes. 
[0039] In one of the successive PRA slots the mobile 
station transmits, according to arrow 21 , a PRA mes- 
sage where it identifies itself and informs what type of 
connection is requested (realtime, coding, slot type etc. 
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factors). Because there is n^^^dination whatsoever 

between different mobile static, it may happen that 
several mobile stations transmit a PRA message simul- 
taneously. In that case one at the most is received. How- 
ever, in Figure 4a it is assumed that the PRA message 5 
according to arrow 21 is received, in which case in the 
PAG (pacl<et access grant) slot of the next downlinl< 
frame the base station notifies, according to arrow 22, 
that a given uplinl< slot or slots are granted for the mobile 
station. At the same time it informs the location of the io 
granted slot (slots) in the uplink superframe. In the pack- 
et access protocols of the prior art the requesting station 
generally obtains as its radio resource that time slot or 
other corresponding resource point where it transmitted 
a successful capacity request. According to the present 15 
invention, the slot (or slots) allocated to the connection 
can be located anywhere within the scope of the next 
uplink superframes. 

[0040] When the mobile station has received informa- 
tion of the granted radio resources, it starts data trans- 20 
mission according to arrow 23. During the connection 
there may arise a situation where the mobile station 
wants to increase the amount of radio resources it has 
available. In that case it reserves further slots according 
to arrow 24, by means of the same procedure that was 25 
explained above, i.e. by transmitting a capacity request 
where it indicates what size and type the new slot should 
be. It may also happen that during the connection, the 
data transmission demand of the mobile station de- 
creases, and It wishes to reduce the employed radio re- 30 
sources. Now it ends transmission in given slots accord- 
ing to arrow 25, in which case the base station can al- 
locate the released slots to the use of other connections. 
Arrow 26 represents a message whereby the mobile 
station ends transmission. 35 
[0041] Figure 4b serves to clarify the relation of some 
the above-mentioned messages to the frame and su- 
perframe timing. Here we assume that there are two 
frames 14 in each superframe 19. We further assume 
that the downlink (DL) direction transmission occurs si- "^o 
multaneously with the corresponding uplink (UL) direc- 
tion transmission, the two being separated from each 
other through for example Frequency Division Duplex- 
ing (FDD), i.e. placing them on different frequency 
bands. Still further, we assume that in the middle of each 45 
frame 14 there is a range of control slots that appear 
shaded in Figure 4b. It is advantageous to place the con- 
trol slot ranges coincidentally in time in both downlink 
and uplink directions, because it will prevent the toss of 
important control information due to simultaneous traffic so 
transmission. Taken the other way raound, it will also 
prevent the toss of any traffic transmission opportunities 
due to control information reading. The chronological or- 
der of the frames in Figure 4b is from left to right. 
[0042] The mobile station listens to the downlink 55 
transmission DL and finds the slot addresses of the next 
available PRA slots in a message that the base station 
transmits in a Y slot. These available PRA slots are sit- 



ff^P[)f 



uated in the second fr^^^f the leftmost superframe in 
Figure 4b. The dashed line represents a logical connec- 
tion between the slots, in other words It shows that in 
the Figure the message sent in a certain Y slot governs 
the use of the PRA slots in the following complete UL 
frame. The mobile station uses a PRA slot to transmit a 
PRA message to the base station. Taken that the at- 
tempt is succesful, the base station transmits a PAG 
message in a PAG slot of the next complete DL frame. 
The PAG message tells the mobile station to use a cer- 
tain slot (or certain slots) RT from the next complete UL 
frame for the desired transmission carrying real time 
traffic. The dashed lines from the PAG slot to the next 
complete UL frame show that the granted UL slot may 
be anywhere in the frame. The transmission continues 
In the same slot until the data source is exhausted or 
the base stations sends a separate RT uplink channel 
update command (not shown in Figure 4b). 
[0043] A downlink realtime data transmission takes 
place according to Figures 5a and 5b. A separate slot 
capacity request is not needed, because the base sta- 
tion subsystem itself maintains the reservation table for 
the slots and is thus able to direct downlink data trans- 
mission to a suitable slot. The message that tells the 
location of the chosen slot(s) to the mobile station can 
be transmitted to the mobile station through packet pag- 
ing (PP) channels, at least one of which is read by each 
active mobile station. The repetition of the PP message 
in the packet paging channel, illustrated by arrows 27 
and 28, means that the base station transmits a PP mes- 
sage until the mobile station answers (or until a given 
time limit is surpassed). The mobile station that has re- 
ceived the transmitted PP message echoes, according 
to arrow 29, the PP message back to the base station 
as a packet paging acknowledgement (PPA). The base 
station starts transmission 30 after receiving, intermedi- 
ated by the PPA, confirmation that the call was received . 
The resource demands of downlink data transmission 
can also change during the connection, in which case 
the base station subsystem allocates more slots to the 
connection (when resource demand grows) 31 or re- 
leases part of the slots (when resource demand de- 
creases) 32. Notification of the changes is transmitted 
to the mobile station advantageously through packet 
paging. Arrow 33 illustrates the ending of the transmis- 
sion. 

Figure 5b clarifies the relation of PP and PPA messages 
and downlink realtime data transmissions to the frame 
and superframe timing in an embodiment where we 
again assume simultaneous FDD uplink and downlink 
transmission with two frames 14 per superframe 19. Af- 
ter the base station has transmitted a PP message, the 
first acknowledging chance for the mobile station is in 
the PPA slots of the next complete UL frame. After re- 
ceiving the PPA acknowledgement message the base 
station may start the realtime DL data transmission in 
the next complete DL frame. It continues the realtime 
DL data transmission in the same slot in each following 
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DL superframe, until the data^^Be becomes exhaust- 
ed (exhaustion not illustrated iWhe Figure), which the 
mobile station detects when it finds that the slot is empty. 
[0044] Several simultaneous connections requiring 
realtime service may exist, in between a given mobile 5 
station and base station, both in the uplink and downlink 
direction. Simultaneous connections are also called par- 
allel connections. According to a preferred embodiment, 
the mobile station has a given temporary logic identifier 
which distinguishes it among other mobile stations com- io 
municating with the same base station subsystem. The 
length of this identifier can be for instance 12 bits. In 
order to distinguish between parallel connections, there 
may be used a short (for instance 2-bit) additional iden- 
tifier. When the mobile station wishes, during a given 15 
connection, to start a parallel realtime connection, It 
sends the base station subsystem a capacity request 
where it notifies its temporary logic identifier as well as 
its additional identifier with a value different than the val- 
ue of the additional identifier describing the preceding 20 
ongoing realtime connection. Respectively, the base 
station subsystem may start a new downlink parallel, re- 
altime connection by transmitting a PP message where 
it includes the logic identifier of the mobile station for 
which the message is intended, plus an additional iden- 25 
tifier with a value different than the values of additional 
identifiers describing already ongoing realtime connec- 
tions. On the basis of the additional identifier, each re- 
ceiving station knows whether the transmitting station 
wishes to increase the capacity of some ongoing real- 30 
time connection or to start a new parallel connection. 
[0045] Figures 6a and 6b illustrate a non-realtime up- 
link data transmission In a normal case. Arrow 34 cor- 
responds to arrow 20 in Figure 4a, i.e. it represents the 
data concerning the location of the next PRA slots trans- 35 
mitted in the Y slot of a given downlink superframe. In 
one of the successive PRA slots, the mobile station 
transmits, according to arrow 35, a PRA message where 
it identifies Itself and notifies how much non-reattime da- 
ta it wishes to transmit. The amount of data can be given 40 
for instance in bytes, in the next PAG slot, the base sta- 
tion notifies, according to arrow 36, what Is the location 
of the control slot reserved as the uplink-direction con- 
trol channel in the downlink superframe. In the next con- 
trol slot, the base station transmits, according to arrow 45 
37, the locations in the uplink superframe of the first slots 
reserved for the connection. In these slots, the mobile 
station transmits uplink data according to arrow 38. The 
uplink slots are grouped for instance so that 16 slots 
form a group. A control message according to arrow 37 so 
has transmitted for the mobile station information of the 
location of these 16 slots. When the mobile station has 
transmitted 16 slotted messages, it receives, according 
to arrow 39, in the next control slot from the base station 
subsystem a response, where the base station informs 55 
how the data was received in the slots of the first group. 
If the base station has found fault in some slots, the mo- 
bile station must retransmit the data contained in these 



slots. The control mes^^ illustrated by arrow 39 also 
contains information of the location of the slots belong- 
ing to the next group, in which case uplink transmission 
continues in these slots according to arrow 40. Trans- 
mission ends when the mobile station has transmitted 
all of the desired information. 
[0046] In the above cases, the realtime service of Fig- 
ure 4a, and in the non-realtime service of Figure 6a, the 
interpretation of the reservation message is different. In 
the realtime service, there is reserved a given radio re- 
source (slot) for continuous use from consecutive su- 
perframes. This means the same as the reservation of 
a given transmission rate (x bits/s) for the use of the con- 
nection. In the case of a non-realtime service, the re- 
sources are reserved for the transmission of a given 
amount of bits or bytes, in which case the data trans- 
mission rate need not be constant. If there are a lot of 
radio resources available, the base station subsystem 
may, in the control messages represented by arrows 37 
and 39, grant for the mobile station slots that are very 
near to each other. If the rest of the traffic load of the 
base station is heavy, or if it grows during the non-real- 
time connection, each superframe contains less free 
slots, and the control messages described by arrows 37 
and 39 grant for the mobile station slots that are located 
further away from each other in the data flow. 
[0047] Figure 6b illustrates the timing In the setup 
phase of a non-realtime uplink connection. The graphi- 
cal conventions are the same as in Figures 4b and 5b. 
The operation begins when the mobile station finds the 
slot address of the next available PRA slot(s) in a mes- 
sage that was transmitted in a Y slot from the base sta- 
tion. The mobile station sends a PRA message, which 
is here supposed to reach the base station at the first 
attempt. In the next complete downlink frame containing 
PAG slot(s) the base station sends a PAG message that 
identifies an NRT control slot (NC) from the following 
superframe. In the first NC slot the base station trans- 
mits a message In which it gives an address for a down- 
link ARQ slot as well as the addresses for the first grant- 
ed uplink N RT traffic slots. The first one(s) of the granted 
uplink NRT traffic slots may be in the next complete up- 
link frame at earliest. The mobile station starts transmis- 
sion in the allocated NRT traffic slots and the base sta- 
tion acknowledges the transmissions with ARQ mes- 
sages and grants further uplink NRT traffic slots in the 
following NC slots. This continues until the total amount 
of uplink NRT data has been sent, 
[0048] A downlink non-realtime data transmission dif- 
fers from what was explained above and is illustrated in 
Figures 7a and 7b. When the base station subsystem 
wishes to transmit non-realtime data for the mobile sta- 
tion, it first transmits, according to arrow 41 , a PP mes- 
sage containing information of the location of the slot or 
slots reserved to an uplink acknowledgement channel 
in uplink superframes, as well as of the location of the 
first slots reserved for the data to be transmitted in the 
downlink superframes. Arrow 42 illustrates the retrans- 
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mission of the same PP mesd^^wVhen the mobile sta- 
tion notifies in a PPA messag^ccording to arrow 43 
that It is ready for reception, the base station subsystem 
transmits the data in the previously informed slots ac- 
cording to arrow 44. The mobile station sends a positive 5 
or negative ARQ response 45 of the received data, 
which response may also contain measuring results 
used for downlinl< power regulation or similar informa- 
tion. If the location or amount of the downlink slots is 
changed, the base station subsystem notifies the mobile io 
station to that effect, according to arrow 46. The trans- 
mission ends when the base station subsystem has 
transmitted all of the desired data and received a posi- 
tive response. Naturally the transmission may end pre- 
maturely, if interference cuts the connection or the mo- ^5 
bile station moves to an area covered by some other 
base station. 

[0049] In Figure 7b the downlinl< non-realtime trans- 
mission starts with a PP message sent by the base sta- 
tion in a PP slot of a certain downlink frame. The mobile 20 
station responds by sending, in a PPA slot identified in 
the PP message, a PPA message and optionally an 
empty ARQ message in the corresponding slot that was 
also identified in the PP message. The first downlink 
transmission will occur at earliest in the next complete 25 
downlink frame following the frame during which the 
base station received the mobile station's PPA mes- 
sage. The mobile station acknowledges the downlink 
NRT transmission in its ARQ replies and the process 
continues until the non-realtime downlink data source 30 
has been exhausted (not shown in the Figure). 
[0050] In non-realtime connections there can be ap- 
plied the same principle of parallel connections that was 
explained above, in the description of realtime services. 
However, because the radio resource control niethod 35 
according to the Invention aims at a situation where up 
to all othenA/ise free slots can be temporarily allocated 
to a given non-realtime connection, the concept of par- 
allel connections Is not as important for non-realtime 
services as it is for realtime services. In the case of non- 40 
realtime services, a non-realtime data transmission task 
can generally be finished before starting the next. 
[0051] The invention does not require that the radio 
transmission capacities in uplink and downlink transmis- 
sion should be equal as suggested by the graphical lay- 
out of Figures 4b, 5b. 6b and 7b. On the contrary, the 
invention allows the base station subsystem (or a cor- 
responding arrangement responsible for the division of 
radio resources) to allocate slots from the uplink frames 
for downlink traffic or vice versa. For example in tele- 50 
shopping, electronic newspaper services and WWW 
(World Wide Web) browsing the need for downlink ca- 
pacity is far greater that the need for uplink capacity, 
which could result in unbalanced resource usage if the 
system capacities In uplink and downlink could not be 55 
made asymmetrical dynamically. 
[0052] When the slot allocation routine has decided 
to allocate an uplink slot to downlink traffic the base sta- 



tion subsystem simpl)^^ the mobile station In a PP 
message that the slot it should receive is in uplink do- 
main (for example, on uplink frequency) instead of the 
usual downlink. In the opposite situation, in which a 
downlink slot is allocated for uplink transmission, a PAG 
message (in realtime services) or an NC message (in 
non-realtime sen/ices) from the base station subsystem 
allows the mobile station to use a certain nominally 
downlink slot or slots for its uplink transmission. It has 
to be noted, however, that changing the transmission 
direction in the middle of a superframe requires a guard 
interval in between, the length of which is equal to two 
times the maximum propagation delay in the cell. It is 
therefore advisable to group the slots into compact 
blocks that contain only slots in one and the same trans- 
mission direction, in order not to waste time in multiple 
consecutive transmission direction changes. If the cov- 
erage area of a certain base station is so small that the 
length of the guard interval is negligible, this restriction 
may be somewhat relieved. 

[0053] Figure 8 illustrates the exchange of transmis- 
sions on the downlink frequency band DL and uplink fre- 
quency band UL when some uplink transmission capac- 
ity Is reserved for realtime downlink use. The graphical 
conventions are the same as in Figures 4b, 5b, 6b and 
7b, except that an additional crossed hatch now denotes 
a portion of the frames received for downlink use and 
an inclined hatch denotes a portion of the frames re- 
ceived for uplink use. During the first superframe period 
the base station transmits in a Y slot Y1 a message that 
tells the mobile station the location of PRA slots PRA1 
in the next complete uplink frame. The mobile station 
uses the PRA opportunity to transmit a PRA message 
that reaches the base station and results in a PAG mes- 
sage PAG1 in the next complete downlink frame. The 
PAG message allocates a slot T1 UL (or a group of slots) 
to the mobile station. From that moment on until the ex- 
haustion of the uplink realtime data source (not shown 
in the Figure) the mobile station uses this allocation reg- 
ularly in each superframe to transmit its realtime data. 
[0054] In the second frame of the second superframe 
the base station transmits a PP message PP2 indicating 
its willingness to transmit realtime downlink data to the 
mobile station. The PP message PP2 identifies a slot 
(or a group of slots) T2DL from the second frame in each 
following uplink superframe. The mobile station trans- 
mits its PPA answer PPA2 in the next complete uplink 
frame, after which the base station starts using the iden- 
tified (cross-hatched) portion T2DL of the uplink super- 
frames for a downlink realtime transmission. The uplink 
frequency band UL is now effectively time-division du- 
plexed (TDD). When the downlink transmission using 
the slot T2DL ends (not shown in the Figure), the uplink 
frequency band may return to a purely uplink state or 
the base station subsystem may allocate uplink capacity 
to another downlink transmission. Naturally there may 
be a multitude of simultaneous uplink and downlink con- 
nections in use, in the setup phase, or in the tear-down 
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phase, but for graphical clar^^pse are not shown in 
the Figures. 

[0055] Next we shall consider some further duplexing 
aspects. One alternative Is to arrange the uplink and 
downlink transmission in each cell according to time di- 
vision duplex (TDD). In that case the transmission is not 
chronologically continuous In either of the directions, but 
transmissions in the two directions alternate on a frame 
basis during each superframe. Only one frequency 
band, common for both the uplink and downlink direc- 
tions, is needed in the cell. If the users use a radio con- 
nection controlled according to the method of the 
present invention for browsing the www (World Wide 
Web) or for another similar purpose, where the data 
transmission need in one direction is manifold com- 
pared to the other direction (in www-browsing the vol- 
ume of the downlink data transmission is 7 - 15 times 
the volume of the uplink data transmission), the time di- 
vision duplex can be arranged so that in each super- 
frame, X consecutive downlink frames are followed by 
Y consecutive uplink frames (or Y consecutive uplink 
frames are followed by X consecutive downlink frames), 
where the relation of the integrals X and Y is X > Y Still 
further, the cross-allocation scheme explained previ- 
ously may be introduced so that even if there is a pre- 
detenmined (fixed or dynamically changing) number of 
frames for each transmission direction, the base station 
subsystem may allocate downlink slots for uplink trans- 
missions or vice versa. 

[0056] Figure 9 illustrates the exchange of transmis- 
sions in fully time-division duplexed operation with all 
four possible combinations of uplink, downlink, realtime 
and non-realtime. Each row in the Figure represents a 
single frequency band that is used (here: symmetrically) 
for both uplink and downlink transmission. A superframe 
19 consists of two frames 14, the first of which is for 
downlink (DL) and the second is uplink (UL). The shad- 
ed portion of each frame contains control slots. On the 
top row (Uplink RT) the mobile stations finds in a Y slot 
downlink transmission the slot addresses of the next 
available PRA slots, which are in the uplink frame of the 
same superframe. It transmits a PRA message and re- 
ceives in the next downlink frame a PAG message allo- 
cating a slot from the uplink frame. Thereafter the mobile 
station uses this regularly occurring slot for uplink real- 
time transmission. On the second row (Downlink RT) the 
base station transmits a PP message that identifies a 
downlink information slot from the next complete down- 
link frame on. The mobile station responds with a PPA 
message, whereafter the downlink realtime transmis- 
sion commences. 

[0057] On the third row (Uplink NRT) of Figure 9. the 
mobile station transmits a PRA message after having 
found a correct PRA slot address in a received Y slot 
message. In the downlink frame of the next superframe 
the base station sends a PAG message that identifies 
an NRT control slot (NO) from the downlink frame of the 
third superframe. In the first NO slot the base station 



then transmits a mesd^^n which it gives an address 
for a downlink ARQ slot as well as the addresses for the 
first granted uplink NRT traffic slots. The first one(s) of 
the granted uplink NRT traffic slots may be in the uplink 

5 frame of the same superframe at earliest. The mobile 
station starts transmission in the allocated NRT traffic 
slots and the base station acknowledges the transmis- 
sions with ARQ messages and grants further uplink NRT 
traffic slots in the following NO slots. On the last row 

10 (Downlink NRT) the downlink non-realtime transmission 
starts with a PP message sent by the base station in a 
PP slot. The mobile station responds by sending, in a 
PPA slot identified in the PP message, a PPA message 
and optionally an empty ARQ message in the corre- 

15 spending slot that was also identified in the PP mes- 
sage. The first downlink transmission will occur at ear- 
liest in the downlink frame of the next superframe. The 
mobile station acknowledges the downlink NRT trans- 
mission in its ARQ replies and the process continues 

20 until the non-realtime downlink data source has been 
exhausted (not shown in the Figure). 
[0058] The radio resources control method according 
to the invention also offers a possibility for regulating the 
transmission power during radio connection. Above we 

25 referred to the fact that the control slots contained in the 
superframes form one or several logic control channels. 
One two-way logic channel per connection can be called 
a SCCH channel (system control channel), which in a 
preferred embodiment of the invention comprises, per 

30 each active connection, one slot (in the above given 
time-frequency space example one 200 kHz slot) per 
sixteen superframes both in the uplink and downlink di- 
rections. The SCCH channel is used for the whole du- 
ration of the active data transmission period, and it can 

35 be employed for instance for transmitting measure- 
ments relating to the power level, for arranging the mu- 
tual timing of the base station subsystem and the mobile 
station, for transmitting information relating to a hando- 
ver to a different base station and for transmitting com- 

40 mands directed from the base station subsystem to the 
mobile station. The base station subsystem may for in- . 
stance command the mobile station into a so-called 
sleep mode, where the mobile station is inactive for a 
predetermined period of time in order to save power. 

45 [0059] Another possibility offered by the method ac- 
cording to the invention for regulating the power level of 
mobile stations is a public power control channel 
(PPCC) independent of the slot division In the frames. 
In order to realise it, each downlink frame comprises a 

50 given PPCC slot containing a given amount of power 
control bits per each possible slot in the corresponding 
uplink frame. The amount of power control bits in the 
PPCC slot can be chosen so that if the respective frame 
would be altogether composed of the smallest possible 

55 slots, each slot would have its own bits. When the frame 
in practice contains larger slots, too, in the controlling of 
each larger slot there are used all those bits of the PPCC 
slot that refer to the area of the larger slot. This arrange- 
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ment is illustrated in Figure PPCC slot 47 com- 

prises the first power control^s 48 and the second 
power control bits 49. If the corresponding uplink frame 
50 would comprise only small slots 51 and 52, the first 
power control bits 48 would control the first slot 51 and 5 
the second power control bits 49 would control the sec- 
ond slot 52. If the small slots in the uplink frame are mod- 
ularly replaced by a larger slot 53, the power control bits 
48 and 49 control the same slot 53, which brings either 
more resolution or redundance to the control. Thus the 
structure of the PPCC slot can be independent of the 
slot structure of the frames in the uplink channel. A sim- 
ilar control channel structure and principle can also be 
applied in other types of radio resource control connect- 
ed to the superframe. For example, the point of time of ^5 
the transmission of each slot can be controlled by a sim- 
ilar procedure. 

[0060] The slot allocation principles that were pre- 
sented previously may be applied also to the existing 
TDMA systems like the GSM system or the IS-1 36 sys- 20 
tem to increase the data transmission capacity of a giv- 
en radio connection. The size of an allocated slot in a 
single frequency band will come bigger in the chrono- 
logical direction if several consecutive slots of each cy- 
clically repeated frame are given to a single connection. 25 
Alternatively or additionally the connection may get slots 
from both uplink and downlink frames, without the limi- 
tation that uplink frame slots should be for uplink use 
only and downlink frame slots for downlink use only. This 
means that the newly allocated larger slot would actually 30 
consist of at least two separate areas in the time-fre- 
quency space, with a forbidden separator frequency 
band separating the nominal "uplink" and "downlink" fre- 
quencies in a manner known as such from prior art. 
[0061] Figure 12a shows a block diagram of a base 35 
station subsystem BSS according to the invention. The 
functions of the BSS are controlled by a microcontroller 
200. The microcontroller 200 Is In contact with a slot al- 
locator 201 , which performs the slot allocation according 
to calculations and/or an algorithm. Data of the different 
slots are stored as a a slot reservation table 202 in a 
memory. The table Includes a list of uplink slots 202a 
and downlink slots 202b indicating size and state of 
each slot as well as any other possible parameters and 
which mobile station a slot Is allocated to. According to ^5 
the slot allocation information received from the slot al- 
locator 201 the microcontroller controls the transceiver 
203 of the BSS to function in transmission and reception 
according to the allocation. The transceiver 203 may In- 
clude a packet former/deformer 205 for forming a data so 
packet for transmission, whereafter a code adder 206 
adds a code If code Is one of the dimensions of the slot. 
A modulator 207 and a RF transmitter 208 modulate the 
signal to radio frequency and form the carrier signal 
which Is then transmitted by the antenna 204. Accord- 
ingly blocks 205 - 208 fonm a slot under control of the 
microcontroller 200 in accordance with the slot alloca- 
tion. In reception blocks 205 - 208 perform the reverse 



functions under conl^^f the microcontroller 200. 
Blocks 200 - 202 may be part of the base station con- 
troller BSC or they may be Included in the base station 
BTS. Blocks 203 - 204 are part of the base station BTS. 
[0062] Figure 1 2b shows a block diagram of a mobile 
station subsystem MS according to the invention. The 
functions of the MS are controlled by a microcontroller 
300. The microcontroller 300 is in contact with a slot ta- 
ble 301 , which stores information about the slots allo- 
cated for the mobile station by the base station. The ta- 
ble Includes a list of uplink slot(s) and downlink slot(s) 
indicating size as well as any other possible parameters. 
According to the slot table 301 the microcontroller con- 
trols the transceiver 303 of the MS to function in trans- 
mission and reception according to slot table. The trans- 
ceiver 303 may include a packet former/defonmer 305 
for forming a data packet for transmission, whereafter a 
code adder 306 adds a code if code is one of the dimen- 
sions of the slot. A modulator 307 and a RF transmitter 
308 modulate the signal to radio frequency and form the 
carrier signal which is then transmitted by the antenna 
304. Accordingly blocks 305 - 308 form a slot under con- 
trol of the microcontroller 300 in accordance with the slot 
table. In reception blocks 305 - 308 perform the reverse 
functions under control of the microcontroller 300. 
[0063] In the specification above, we have described 
a method for controlling radio resources with reference 
to a few preferred embodiments. It is obvious for a man 
skilled in the art that the explained examples are not 
meant to be restrictive, but the Invention can, according 
to ordinary professional skills, be modified within the 
scope of the appended patent claims. 



Claims 

1 - A method for controlling physical radio resources in 
a radio system comprising a base station subsys- 
tem and several mobile stations in radio connection 
thereto, characterised In that the physical radio re- 
sources are divided into chronologically consecu- 
tive frames ( 14), said frames containing two-di- 
mensional slots (16, 17, 18) having varying data 
transmission capacities, in which case 

the data transmission capacity of each slot Is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots In at least one frame are 
each dynamically assignable for the use of a 
given radio connection for the duration of the 
frame, 

the first dimension of the slots Is time and the 
second dimension of the slots Is one of the fol- 
lowing: frequency, code; 
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and the base station su 
of allocating the slots for 
the basis of 



m makes a decision 
radio connections on 



the data transmission needs of the radio con- 5 
nections. 

- the changes in the data transmission needs of 
the radio connections occuring during the radio 
connections, and 

the size and state of occupancy of the slots. io 

2. A method according to claim 1 , characterised in 
that the slots contained in the frame belong, ac- 
cording to the volume of the respective physical ra- 
dio resources, to at least two different allowed size ^5 
categories, and that in order to change the slot 
structure of a frame, a predetermined integral 
number of the slots of the first size category can be 
replaced by a predetermined integral number of the 
slots of the second size category. 20 

3. A method according to claim 2, characterised in 
that the amount of allowed size categories is three, 
in which case the slot (16) of the largest size cate- 
gory is equal to two slots (17) of the next largest 25 
size category or to ten slots (1 8) of the smallest size 
category. 



sion capacity of ^^slot depends on the corre- 
sponding spreading code. 

9. A method according to claim 1 , characterised in 
that a predetermined non-negative integral number 
of consecutive frames forms a superframe (19). so 
that in consecutive superframes, such frames that 
are located in similar positions when starting from 
the beginning of the superframe correspond to each 
other with respect to the slot division, if changes 
have not occurred in the data transmission need of 
the radio connections in between the superframes. 

10. A method according to claim 9, characterised in 
that each superframe contains both slots (I) meant 
for transmission of information and control slots (C) 
for realising logic control channels. 

11. A method according to claim 10. characterised in 
that a downlink signal comprises a general logic 
control channel (47) provided for the signalling con- 
nected to slotwise radio resource control. 

12. A method according to claim 10, characterised in 
that each control slot (C) belongs, according to the 
physical radio resources represented thereby, to 
one of the allowed size categories. 



4. A method according to claim 2, characterised in 
that the amount of allowed size categories is four, 

in which case the slot of the largest size category is 
equal to two slots of the next largest size category, 
four slots of the third largest size category or eight 
slots of the smallest size category. 

5. A method according to claim 1 . characterised in 
that each frame is divided, in the direction of the 
first dimension, to a predetermined amount of time 
slots (15), and each time slot is further divided into 
slots. 

6. A method according to claim 5, characterised in 
that each slot occupies the whole frequency range 
of the corresponding time slot but the length of each 
slot In the time dimension depends on its data trans- 
mission capacity. 

7. A method according to claim 5, characterized in 
that time-frequency division is applied, whereby 
each slot occupies the whole chronological duration 
of the corresponding time slot but the width of each 
slot in the frequency dimension depends on its data 
transmission capacity. 

8. A method according to claim 5, characterized in 
that time-code division is applied, whereby each 
slot occupies the whole chronological duration of 
the corresponding time slot but the data transmis- 



13. A method according to claim 1. characterised in 
30 that a predetermined frequency band is used to 

convoy both downlink slots and uplink slots accord- 
ing to a time-division duplexing scheme. 

14. A method according to claim 13, characterised in 
35 that a predetermined non-negative Integral number 

of consecutive frames forms a superframe (1 9) and 
each superframe contains a first number of down- 
link frames and a second number of uplink frames. 

40 15. A method according to claim 13, characterised in 
that a predetermined first frequency band is used 
to convoy nominally downlink slots and a predeter- 
mined second frequency band is used to convoy 
nominally uplink slots, but in response to unsym- 

45 metrical traffic conditions in uplink and downlink di- 
rection, slots are cross-allocated so that nominally 
downlink slots are used to convoy uplink traffic or 
nominally uplink slots are used to convoy downlink 
traffic. 

50 

16. A method according to claim 1, characterised in 
that the base station subsystem maintains a reser- 
vation' table in order to indicate the size and state 
of occupancy of the slots in the frames and in order 

55 to maintain an optimal rate of usage. 

17. A method according to claim 16, characterised in 
that the base station subsystem evaluates the qual- 
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ity of at least one allocat^^Blot and makes a de- 
cision of allocating or nonSiocating said slot to a 
connection on the basis of the transmission quality 
required by said connection. 

18. A method according to claim 16, characterised in 
that it comprises in the base station subsystem the 
steps In which, as a response to a slot request, 

either uplink or downlink reservation table is 
chosen, 

a reservation table is chosen, 
a set of candidate time slots from the chosen 
reservation table is formed, 
a set of predetermined selection criteria is ap- 
plied to find the best candidate time slot, 
the transmission quality offered by the selected 
best candidate time slot is checked and ' 
a decision to allocate a slot from the best can- 
didate time slot Is made. 

19. A method according to claim 16, characterised in 
that the base station subsystem makes a decision 
of allocating the slots for the radio connections also 
on the basis on the information contained in the res- 
ervation tables of neighbouring base station sub- 
systems. 

20. A method according to claim 19, characterised in 
that the base station subsystem allocates slots on 
the basis of the transmission power used for com- 
munication by different mobile stations, so that a 
first mobile station that uses low transmission pow- 
er to communicate with a first base station will be 
allocated a slot that coincides chronologically with 
a slot allocated to a second mobile station that uses 
high transmission power to communicate with a 
second base station. 

21. A method according to claim 19, characterised in 
that the base station subsystem allocates slots on 
the basis of the communication type used by differ- 
ent mobile stations, so that circuit-switched and 
packet-switched connections have their own slots 
located in the reservation tables of adjacent base 
stations in optimal locations with respect to the total 
interference of the system. 

22. A method according to claim 1 , characterised in 
that for setting up an uplink radio connection be- 
tween the base station subsystem and the mobile 
station the method comprises the steps of 

transmitting from the mobile station, in an al- 
lowed uplink capacity request slot, a capacity 
request (21, 35), where the mobile station indi- 
cates the amount of physical radio resources 
required by the radio connection, and 



il^^^n 



making an al^^P)n decision in the base sta- 
tion subsystem as a response to said capacity 
request. 

5 23. A method according to claim 22, characterised in 
that the location and amount of the allowed uplink 
capacity request slots in relation to the frame struc- 
ture is not constant and the base station subsystem 
transmits, in a predetermined downlink slot, an an- 

10 nouncement Indicating the location and amount of 
the allowed uplink capacity request slots. 

24. A method according to claim 22, where the radio 
system additionally offers the mobile station real- 
ms time and non-realtime data transmission services, 

characterised in that in order to reserve radio re- 
sources for the use of a radio connection for uplink 
realtime data transmission services, the mobile sta- 
tion indicates In Its capacity request (21) the re- 
20 quired data transmission capacity. 

25. A method according to claim 24, characterised in 
that the mobile station additionally Indicates in its 
capacity request a predetermined set of parameters 

25 describing the required qualities of the radio con- 
nection. 

26. A method according to claim 24, characterised in 
that when the data transmission capacity demand 

30 grows during an ongoing radio connection for uplink 
realtime data transmission services, the mobile sta- 
tion sends the base station subsystem a capacity 
request (24), where It indicates the required addi- 
tional data transmission capacity. 

35 

27. A method according to claim 24, characterised in 
that when the data transmission capacity demand 
diminishes during an ongoing radio connection for 
uplink realtime data transmission services having 

40 several allocated slots, the mobile station leaves at 
least one of the allocated slots unused. 

28. A method according to claim 24, characterised in 
that each mobile station has a certain temporary 

45 logic identifier in order to distinguish the mobile sta- 
tion from other mobile stations operating under the 
same base station subsystem, and in order to re- 
serve radio resources for the use of a radio connec- 
tion for parallel uplink realtime data transmission 

50 services, the mobile station sends the base station 
subsystem a capacity request where it indicates 

Its temporary logic identifier 
the required parallel data transmission capacl- 
55 ty, and 

an additional identifier, which distinguishes the 
parallel radio connection from other ongoing ra- 
dio connections convoying realtime data trans- 
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mission services. 



29. A method according to claim 22, where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission services, 5 
characterised in that in order to reserve radio re- 
sources for the use of a radio connection for uplink 
non-realtime data transmission services, the mobile 
station indicates in its capacity request (21) the 
amount of data to be transmitted. io 

30. A method according to claim 22, characterised In 
that in Its allocation decision the base station sub- 
system has the freedom of directing the required ra- 
dio connection into any available slot and after the 
allocation decision the base station subsystem 
transmits to the mobile station in a predetermined 
downlink access granting slot an indication of the 
granted slot or slots. 

20 

31. A method according to claim 1, characterised In 
that for setting up a downlink radio connection be- 
tween the base station subsystem and the mobile 
station the method comprises the steps of 

25 

making an allocation decision in the base sta- 
tion subsystem as a response to the detected 
need of a new downlink radio connection indi- 
cating the amount of physical radio resources 
required by the radio connection, 30 
transmitting from the base station subsystem to 
the mobile station a paging message (27, 28, 
41, 42), that announces the location of the 
downlink slot or slots allocated to the radio con- 
nection in said allocation decision, 35 
as a response to a detected paging message, 
transmitting from the mobile station a paging 
acknowledgement message and 
as a response to a detected paging acknowl- 
edgement message, commencing downlink ^0 
transmission from the base station subsystem. 

32. A method according to claim 31, where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission services, 45 
characterised In that in order to form a radio con- 
nection for downlink realtime data transmission 
services, the base station subsystem indicates in 
the paging message (27. 28). for the regularly re- 
peated slots allocated to the radio connection, their so 
location In relation to the frame structure. 

33. A method according to claim 32, characterised in 

that when the data transmission capacity demand 
grows during an ongoing radio connection for down- 55 
link realtime data transmission services, the base 
station subsystem makes an additional slot alloca- 
tion decision and sends the mobile station a paging 



message (27, 28,^^p2), that announces the loca- 
tion of the additional downlink slot or slots allocated 
to the radio connection. 

34. A method according to claim 32, characterised In 
that when the data transmission capacity demand 
diminishes during an ongoing radio connection for 
downlink realtime data transmission services hav- 
ing several allocated slots, the base station makes 
a slot deallocation decision concening at least one 
of the allocated slots and leaves the corresponding 
slots unused. 

35. A method according to claim 32. characterised In 
that each mobile station has a given temporary log- 
ic identifier In order to distinguish the mobile station 
from other mobile stations operating under the 
same base station subsystem, and in order to re- 
serve radio resources for the use of a radio connec- 
tion for parallel downlink realtime data transmission 
services, the base station subsystem sends the mo- 
bile station a paging message, where it Indicates 

the temporary logic identifier of the mobile sta- 
tion 

- the location of the regularly repeated slots allo- 
cated to the parallel radio connection and 
an additional identifier, which distinguishes the 
parallel radio connection from other ongoing ra- 
dio connections convoying realtime data trans- 
mission services. 

36. A method according to claim 31 , where the radio 
system additionally offers the mobile station real- 
time and non-realtime data transmission services, 
characterised in that In order to form a radio con- 
nection for downlink non-realtime data transmission 
services, the base station subsystem indicates in 
the paging message (41 , 42) the location of the first 
slots for non-realtime data transmission services in 
relation to the frame structure, and to announce a 
change In either the location or the amount of the 
slots allocated for non-realtjme data transmission 
services during the connection, the base station 
subsystem notifies the new location or amount of 
the slots by sending a new paging message. 

37. A base station subsystem for a radio telecommuni- 
cation system having base station subsystems and 
mobile stations, the base station subsystem having 
means for arranging the communicated information 
into chronologically consecutive frames, charac- 
terised in that the base station subsystem addi- 
tionally comprises means for directing the commu- 
nicated information of each radio connection into at 
least one cyclically repeated two-dimensional slot 
in the frames, in which case 
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the data transmissit^^^acity of each slot is 
determined by the dir^^ions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
- the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: frequency, code; 

and the size of said slot in relation to the size of a 
frame is dependent on the data transmission capac- 
ity required by the respective radio connection tak- 
ing into account data transmission capacity chang- 
es during an ongoing radio connection. 

38. A base station subsystem according to claim 37, 
characterised in that it further comprises means 
for maintaining a reservation table In order to indi- 
cate the size and state of occupancy of the slots in 
the frames and In order to maintain an optimal rate 
of usage. 

39. A base station subsystem according to claim 38, 
characterised in that it further comprises means 
for communicating information concerning reserva- 
tion tables with its neighbouring base station sub- 
systems. 

40. A base station subsystem according to claim 37, 
characterized in that in order to set up uplinic con- 
nections it further comprises means for 

producing a general access slot location an- 
nouncement and transmitting it to all mobile 
stations in a predetermined downlink slot in or- 
der to advice the mobile stations to send capac- 
ity requests in the announced access slot, 
receiving and interpreting capacity requests 
from the mobile stations, 
making slot allocation decisions that allocate 
slots to radio connections requested and iden- 
tified in the capacity requests and 
producing access granting messages and 
transmitting them in a predetermined slot se- 
lectively to those mobile stations whose capac- 
ity requests were granted In the slot allocation 
decisions. 

41. A base station subsystem according to claim 37, 
characterized In that in order to set up downlink 
connections it further comprises means for 

producing paging messages and transmitting 
them in a predetermined slot selectively to 



those mobile ^^pns to which a downlink con- 
nection is to be established, said paging mes- 
sages indicating at least one allocated downlink 
slot. 

5 - receiving and interpreting paging acknowl- 
edgement messages from the mobile stations, 
and 

directing a downlink transmission into the allo- 
cated downlink slots indicated in the paging 
10 message. 

42. A mobile station for a radio telecommunication sys- 
tem having base station subsystems and mobile 
stations, the mobile station having means for ar- 

15 ranging the communicated information into chron- 
ologically consecutive frames, characterised in 
that the mobile station additionally comprises 
means for directing the communicated information 
of each radio connection into at least one cyclically 

20 repeated two-dimensional slot In the frames, in 
which case 

the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 

25 at least one frame contains slots of different da- 

ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
- a multitude of slots in each frame are each dy- 

^0 namically assignable for the use of a given ra- 

dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: frequency, code; 

35 

and the size of said slot in relation to the size of a 
frame is dependent on the data transmission capac- 
ity required by the respective radio connection tak- 
ing into account data transmission capacity chang- 
40 es during an ongoing radio connection. 

43. A mobile station according to claim 42, character- 
ized in that in order to set up uplink connections It 
further comprises means for 

45 

receiving and interpreting access slot location 
announcements transmitted from a base sta- 
tion subsystem, 

producing a capacity request and transmitting 
50 it in an access slot identified in an access slot 

location announcement, 
receiving and interpreting an access grant mes- 
sage from the base station subsystem identify- 
ing at least one granted slot and 
55 - directing information transmissions into said at 
least granted slot. 

44. A mobile station according to claim 42, character- 
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ansTor 



lownlink connections 



ized in that in order to si 
it further comprises mean^ 



receiving and interpreting paging messages 
transmitted from a base station subsystem, 
said paging messages indicating at least one 
allocated downlink slot, 
producing a paging acknowledgement mes- 
sage and transmitting it in an acknowledge- 
ment slot, and 

receiving and Interpreting downlink transmis- 
sions in said at least one allocated downlink 
slot. 

45. A mobile station according to claim 44, character- 
ised in that it further comprises means for identify- 
ing the acknowledgement slot on the basis of the 
information included in a paging message. 

46. A radio telecommunication system having base sta- 
tion subsystems and mobile stations, the base sta- 
tion subsystems and mobile stations having means 
for arranging the communicated information into 
chronologically consecutive frames, characterised 
in that the base station subsystems and mobile sta- 
tions additionally comprise means for directing the 
communicated information of each radio connec- 
tion into at least one cyclically repeated two-dimen- 
sional slot in the frames, in which case 

the data transmission capacity of each slot is 
determined by the dimensions of the slot, and 
at least one frame contains slots of different da- 
ta transmission capacities, 
each slot represents a given share of the phys- 
ical resources contained in the frame, 
a multitude of slots in each frame are each dy- 
namically assignable for the use of a given ra- 
dio connection for the duration of the frame, 
the first dimension of the slots is time and the 
second dimension of the slots is one of the fol- 
lowing: frequency, code; 

and the size of said slot in relation to the size of a 
frame is dependent on the data transmission capac- 
ity required by the respective radio connection tak- 
ing into account data transmission capacity chang- 
es during an ongoing radio connection. 
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die physikaiid^^ Funkressourcen in chrono- 
logisch aufeinanderfolgende Rahmen (14) un- 
terteilt werden, wobei die Rahmen zweidimen- 
sionaie Schlitze (16. 17, 18) mit variablen Da- 
5 tenubertragungskapazitaten enthalten, In wel- 

chem Fall 

- die Datenubertragungskapazitat jedes 
Schlitzes durch die Dimensionen des 

10 Schlitzes bestimmt wird und mindestens 

ein Rahmen Schlitze verschiedener Da- 
tenQbertragungskapazitdten enthalt; 

- jeder Schlitz einen vorgegebenen Anteil 
der im Rahmen enthaltenen physikali-. 

15 schen Ressourcen reprasentiert; 

- eine Anzahl von Schlitzen in mindestens 
einem Rahmen zur VenA/endung bei einer 
vorgegebenen Funkverbindung fur die 
Dauer des Rahmens dynamisch zuweisbar 

20 ist; 

-- die erste Dimension der Schlitze die Zeit 
ist und die zweite Dimension der Schlitze 
eine der foigenden Grdflen Ist: Frequenz, 
Code; 



und das Basisstations-Untersystem eine Ent- 
scheidung betreffend das Zuordnen der Schlit- 
ze fur die Funkverbindungen auf Grundlage 
des Foigenden trifft: 



-- der Datenubertragungserfordemisse der 

Funkverbindungen; 
- der Anderungen der DatenQbertragungs- 

erfordernisse der Funkverbindungen, wie 
35 sie wahrend derselben auftreten; und 

der Belegungsgrdlle und des Belegungs- 

zustands der Schlitze. 

2. Verfahren nach Anspruch 1, dadurch gelcenn- 
40 zelchnet, dass die im Rahmen enthaltenen Schlit- 
ze, entsprechend dem Volumen der jeweiligen phy- 
sikailschen Funkressourcen, zu mindestens zwel 
verschiedenen zugelassenen Grodenkategorien 
gehoren und dass zum Andern der Schlitzstruktur 
45 eines Rahmens eine vorbestimmte ganzzahllge An- 
zahl der Schlitze der ersten Groftenkategorie durch 
eine vorbestimmte ganzzahlige Anzahi der Schlitze 
derzweiten Grddenkategorie ersetzt werden kann. 



PatentansprUche 

1. Verfahren zum Steuem physikalischer Funkres- 
sourcen in einem Funksystem mit einem Basissta- 
tions-Untersystem und mehreren Mobilstatlonen in 
Funkverbindung mit diesem, dadurch gekenn- 
zeichnet, dass 



50 3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, dass die Anzahl der zulassigen Grdflen- 
kategorien drei ist, in welchem Fall der Schlitz (16) 
der grSRten GrOlienkategorie zwel Schlitzen (17) 
der nachstgroflten Grdflenkategorie oder zehn 

55 Schlitzen (18) der kleinsten Grdlienkategorie ent- 
spricht. 

4. Verfahren nach Anspruch 2, dadurch gekenn- 
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zeichnet, dass die Anzsi^^B zulassigen Grdflen- 
kategorien vier ist, in welcrorn Fall der Schlltz der 
groHten Groflenkategorie zwei Schlitzen der 12. 
n3chstgrd(lten Grdl^enkategorie, vier Schlitzen der 
drittgrafiten GroHenkategorie Oder acht Schlitzen 5 
der kleinsten Groflenkategorie entspricht. 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass jeder Rahmen, in der Richtung der 13. 
ersten Dimension, in eine vorbestinnmte Anzahl von io 
Zeitschlitzen (15) unterteilt ist und jeder Zeitschlitz 

ferner in Schlitze unterteilt Ist. 

6. Verfahren nach Anspruch 5. dadurch gekenn- 
zeichnet, dass jeder Schlitz den gesamten Pre- 15 
quenzberelch des entsprechenden Zeitschlitzes 14. 

belegt, jedoch die Lange jedes Schlitzes in der Zeit- 
dimension von seiner Datenubertragungskapazitat 
abhdngt. 

20 

7. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, dass Zeit-Frequenzmultiplex angewandt 

wird, wobei jeder Zeitschlitz die gesamte chronolo- 
gische Dauerdes entsprechenden Zeitschlitzes be- 15. 
legt, jedoch die Breite jedes Schlitzes in der Pre- 25 
quenzdimension von seiner DatenQbertragungska- 
pazitat abhangt. 

8. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, dass Zeit-Codemultiplex angewandt 30 
wird, wobei jeder Schlitz die gesamte chronologi- 
sche Dauer des entsprechendes Zeitschlitzes be- 
legt. jedoch die DatenQbertragungskapazitat jedes 
Schlitzes vom entsprechenden Spreizcode ab- 
hangt. 35 

9. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass eine vorbestimmte, nicht negative 
ganzzahlige Anzahl aufeinanderfolgender Rahmen 
einen Superrahmen (19) bildet, so dass in aufein- 40 
anderfolgenden Superrahmen derartige Rahmen, 16. 
die an dhnlichen Positionen liegen, wenn vom Be- 

ginn des Superrahmens ausgegangen wird, elnan- 
der in Bezug auf die Schlitzunterteilung entspre- 
chen. wenn be! den DatenQbertragungserfordernis- 
sen der Punkverblndungen zwischen den Superr- 
ahmen keine Anderungen auftraten. 

17. 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
zeichnet, dass jeder Superrahmen sowohl Schlitze so 
(I) beinhaltet, die zur Ubertragung von Information 
vorgesehen sind, sowie Steuerschlitze (C) zum 
Realisieren logischer Steuerkanale. 
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sourcensteuerun anden ist. 



11. Verfahren nach Anspruch 10. dadurch gekenn- 
zeichnet, dass ein Abw3rtsstreckesignal einen all- 
gemeinen Logiksteuerkanal (47)enthalt, der zur Si- 
gnalgabe, in Verbindung mit schlitzweiser Funkres- 
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18. 



Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, dass jeder Steuerschlitz (C) entspre- 
chend den durch ihn reprasentierten physikali- 
schen Funkressourcen zu einer der zulassigen Gro- 
(lenkategorien gehdrt. 

Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet, dass ein vorbestimmtes Frequenzband 
dazu verwendet wird, sowohl Abwartsubertra- 
gungsstrecke- als auch Aufwartsubertragungs- 
strecke-Schlitze entsprechend einem Zeitduplex- 
schema zu transportieren. 

Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, dass eine vorbestimmte, nicht negative 
ganze Anzahl aufelnanderfolgener Rahmen einen 
Superrahmen (1 9) bildet und jeder Superrahmen ei- 
ne erste Anzahl von Abwartsubertragungsstrecke- 
Rahmen und eine zwelte Anzahl von Aufwartsuber- 
tragungsstrecke-Rahmen enthSlt. 

Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, dass ein vorbestimmtes erstes Fre- 
quenzband dazu venA^endet wird, nomlnelle Ab- 
wSrtsstreckeschlitze zu transportieren und ein vor- 
bestimmtes zweites Frequenzband dazu venven- 
det wird, nomlnelle Aufwartsstreckeschlitze zu 
transportieren, wobei jedoch auf unsymmetrlsche 
Verkehrsbedingungen in der Richtung der Auf- 
w^rts- und der Abwartsubertragungsstrecke-Schlit- 
ze kreuzweise so zugeordnet werden, dass noml- 
nelle Abwartsubertragungsstrecke-Schlitze dazu 
venvendet werden, Aufwartsubertragungsstrecke- 
Verkehr zu transportieren, Oder nomlnelle Auf- 
wartsubertragungsstrecke-Schlitze dazu venA^en- 
det werden, Abwartsubertragungsstrecke-Verkehr 
zu transportieren. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Basisstations-Untersystem ei- 
ne Reservierungstabelle aufrechterhalt, um die Be- 
legungsgrdfle und den Betegungszustand der 
Schlitze In den Rahmen anzuzeigen und um eine 
optimale Nutzungsrate aufrecht zu erhalten. 

Verfahren nach Anspruch 16, dadurch gekenn- 
zeichnet, dass das Basisstations-Untersystem die 
Qualitat mindestens eines zuordenbaren Schlitzes 
bewertet und eine Entscheidung betreffend die Zu- 
ordnung oder Nichtzuordnung des Schlitzes zu ei- 
ner Verbindung auf Grundlage der durch die Erfin- 
dung bendtigten Obertragungsqualitdt trifft. 

Verfahren nach Anspruch 16, dadurch gekenn- 
zeichnet, dass es Im Basisstations-Untersystem 
Schritte beinhaltet, bei denen, als Reaktion auf eine 
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Schlitzanforderung 

entweder eine Aufwartsubertragungsstrecke- 
Oder eine AbwdrtsQbertragungsstrecke-Reser- 
vierungstabelle ausgewShIt wird; 
eine Reservierungstabelle ausgewahlt wird; 
ein Satz von Kandidatenzeitschlitzen aus der 
gewahlten Reservierungstabelle gebildet wird; 
ein Satz vorbestimmter Auswahlkriterien aus- 
gewahlt wird, um den besten Kandidatenzeit- 
schlitz aufzufinden; 

die vom ausgewahlten besten Kandidatenzeit- 
schlitz gebotene Obertragungsqualitdt geprQft 
wird und 

eine Entscheidung zum Zuordnen eines Schlit- 
zes aus dem besten Kandidatenzeitschlitz ge- 
troffen wird. 

19. Verfahren nach Anspruch 16, dadurch gekenn- 
zeichnet, dass das Basisstations-Untersystem ei- 
ne Entscheidung zum Zuordnen der Schlitze fur die 
Funkubertragungen auch auf Grundlage der Infor- 
mation trifft, die in den Reservierungstabellen be- 
nachbarter Basisstations-Untersysteme enthalten 
ist. 

20. Verfahren nach Anspruch 19, dadurch gekenn- 
zeichnet, dass das Basisstations-Untersystem 
Schlitze auf Grundlage der zur Kommunikation 
durch verschiedene Mobilstatlonen venvendeten 
Obertragungsleistung so zuordnet. dass einer er- 
sten Mobilstation, die fur die Kommunikation mit ei- 
ner ersten Basisstation eine niedrige Obertra- 
gungsleistung venvendet, ein Schlitz zugeordnet 
wird, der chronologisch mit einem Schlitz uberein- 
stimmt, der einer zweiten Mobilstation zugeordnet 
wird, die fur die Kommunikation mit einer zweiten 
Basisstation eine hohe Obertragungsleistung ver- 
wendet. 

21. Verfahren nach Anspruch 19, dadurch gekenn- 
zeichnet, dass das Basisstations-Untersystem 

Schlitze auf Grundlage des durch verschiedene 
Mobilstationen venA/endeten Kommunlkationstyps 
so zuordnet, dass leitungsvermittelte und paketver- 
mittelte Verbindungen ihre eigenen Schlitze aufwei- 
sen, die in den Reservierungstabellen benachbar- 
ter Basisstationen an optimalen Stellen in Bezug 
auf die Gesamtwechselwirkung des Systems lie- 
gen. 

22. Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet, dass es zum Einstellen einer Aufw3rts- 
ubertragungsstrecke-Funkverbindung zwischen 
dem Basisstations-Untersystem und der Mobilsta- 
tion die folgenden Schritte aufweist: 

Senden, von der Mobilstation, in einem Anfra- 



geschlitz fQr^^zuldssige AufwSrtsQbertra- 
gungsstrecke-Kapazitat. einer Kapazitatsan- 
forderung (21, 35), in der die Mobilstation den 
fur die Funkverbindung benbtigten Umfang 
5 physikalischer Funkressourcen anzeigt; und 

Treffen einer Zuordnungsentscheidung im Ba- 
sisstations-Untersystem als Antwort auf die Ka- 
pazitdtsanforderung. 

10 23. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, dass der Ort und die Menge der Anfra- 
geschlitze fur die zulassige Aufwartsubertragungs- 
strecke-Kapazltdt in Bezug auf die Rahmenstruktur 
nicht konstant ist und das Basisstations-Untersy- 

15 stem in einem vorbestimmten Abwartsubertra- 
gungsstrecke-Schlitz eine AnkQndigung Qbertragt, 
die den Ort und die Menge der Anforderungsschlit- 
ze fur die zulassige Aufwartsubertragungsstrecke- 
Kapazitdt anzeigt. 
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24. Verfahren nach Anspruch 22, bei dem das Funksy- 
stem der Mobilstation zusatzlich Datenubertra- 
gungsdienste in Echtzeit und Nicht-Echtzeit anbie- 
tet, dadurch gekennzeichnet, dass zum Reser- 
vieren von Funkressourcen zur Venvendung bei ei- 
ner Funkverbindung fur Aufwartsubertragungs- 
strecke-DatenUbertragungsdienste in Echtzeit die 
Mobilstation in ihrer Kapazitatsanforderung (21 ) die 
bendtigte Datenubertragungskapazitat anzeigt. 

25. Verfahren nach Anspruch 24, dadurch gekenn- 
zeichnet, dass die Mobilstation in ihrer Kapazitats- 
anforderung zusdtzlich einen vorbestimmten Satz 
von Parametern anzeigt, der die benotigten Quall- 
taten der Funkverbindung beschreibt. 

26. Verfahren nach Anspruch 24, dadurch gekenn- 
zeichnet, dass dann, wenn der Bedarf an Daten- 
Qbertragungskapazitat wdhrend einer andauern- 
den Funkverbindung fur Aufwartsubertragungs- 
strecke-Datenubertragungsdienste in Echtzeit zu- 
nimmt, die Mobilstation eine Kapazitdtsanforde- 
rung (24) an das Basisstations-Untersystem sen- 
det, in der sie die bendtigte zusatzliche Datenuber- 
tragungskapazitat anzeigt. 

27. Verfahren nach Anspruch 24, dadurch gekenn- 
zeichnet, dass dann, wenn der Bedarf an Daten- 
ubertragungskapazitat wahrend einer andauern- 
den Funkverbindung fQr AufwSrtsubertragungs- 
strecke-Datenubertragungsdienste in Echtzeit mit 
mehreren zugeordneten Schlitzen abnimmt. die 
Mobilstation mindestens einen der zugeordneten 
Schlitze unbenutzt beldsst. 

28. Verfahren nach Anspruch 24, dadurch gekenn- 
zeichnet, dass jede Mobilstation uber eine be- 
stimmte zeitliche Logikkennung verfugt, um die Mo- 
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bilstation von anderen ^^Bstationen zu unter- 

schelden, die unter dem^roen Baslsstations-Un- 
tersystem arbeiten. und wobei die Mobilstation. um 
Funkressourcen fQr die Verwendung einer Funkver- 
bindung fur parallele Aufwartsubertragungsstrek- 5 
ke-Datenubertragungsdienste in Echtzeit zu reser- 
vieren, eine Kapazitdtsanforderung an das Basis- 32, 
stations-Untersystem sendet, in der sie 

ihre zeitweilige Logikkennung anzeigt; io 
• die benotigte Parallet-DatenQbertragungska- 
pazitat anzeigt; und 

eine zusdtzliclie Kennung anzeigt, die die par- 
allele Funkverbindung von anderen andauern- 
den Funkverbindungen unterscheidet, die Da- i5 
tenubertragungsdienste in Echtzeit transportie- 
ren. 



EP 0 841 763 B1 38 

dung von dei^^^lstatlon; und 

Beginnen, als Reaktion auf eine erkannte Fun- 
kruf-Bestatigungsmeldung, einer Abwartsuber- 
tragungsstrecke-Obertragung vom Basisstatl- 
ons-Untersystem. 



Verfahren nach Ansprucli 31 , bei dem das Funksy- 
stem der Mobilstation zusStzlich Datenubertra- 
gungsdienste in Echtzeit und in Nicht-Echtzeit an- 
bletet, dadurch gekennzelchnet, dass zum Er- 
stellen einer Funkverbindung fur Abwartsubertra- 
gungsstrecke-Datenubertragungsdienste in Echt- 
zeit das Basisstations-Untersystem In der Funkruf- 
meldung (27, 28) fur die regelmaflig wiederholten 
Schlitze, wie sie der Funkverbindung zugeordnet 
sind, deren Ort in Beziehung zur Rahmenstruktur 
anzeigt. 



29. Verfahren nach Anspruch 22, bei dem das Funksy- 
stem der Mobilstation zusStzlich Datenubertra- 
gungsdienste In Echtzeit und in Nicht-Echtzeit an- 
bietet, dadurch gekennzeichnet, dass die Mobil- 
station. um Funkressourcen zur VenA^endung bei ei- 
ner Funkverbindung fOr AufwdrtsQbertragungs- 
strecke-DatenQbertragungsdienste in Nicht-Echt- 
zeit zu reservieren, in ihrer Kapazltatsanforderung 
(21) die zu Obertragende Datenmenge anzeigt. 

30. Verfahren nach Anspruch 22, dadurch gekenn- 
zelchnet, dass das Basisstations-Untersystem in 
seiner Zuordnungsentscheidung die Frelheit hat, 
die benotigte Funkverbindung in jeden beliebig ver- 
fOgbaren Schlitz zu lenken, wobei das Basisstati- 
ons-Untersystem nach der Zuordnungsentschei- 
dung In einem vorbestimmten Abwartsubertra- 
gungsstrecke-ZugriffsgewShrungsschlitz eine An- 
zeige uber den gewahrten Schlitz oder die gewShr- 
ten Schlitze an die Mobilstation sendet. 

31. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, dass es zum Aufbauen einer Abwarts- 
ubertragungsstrecke-Funkverbindung zwischen 
dem Basisstations-Untersystem und der Mobilsta- 
tion die folgenden Schritte aufweist: 

Treffen einer Zuordnungsentscheidung im Ba- 
sisstations-Untersystem als Antwort auf das er- 
kannte Erfordernis einer neuen Abwartsuber- 
tragungsstrecke-Funkverblndung, die die Men- 
ge physikallscher Funkressourcen anzeigt, wie 
sie durch die Funkverbindung benotigt werden; 
Senden einer Funkrufmeldung (27, 28. 41 , 42) 
an die Mobilstation, die den Ort des mindestens 
einen Abwartsubertragungsstrecke-Schlitzes 
anzeigt, der der Funkverbindung bei der Zuord- 
nungsentscheidung zugeordnet wurde; 
Senden, als Reaktion auf eine erkannte Funk- 
rufmeldung, einer Funkruf-Bestatlgungsmel- 



33. Verfahren nach Anspruch 32, dadurch gekenn- 
20 zeichnet, dass dann, wenn der Bedarf an Daten- 

ubertragungskapazitat wahrend einer andauern- 
den Funkverbindung fur AbwSrtsubertragungs- 
strecke-Datenubertragungsdienste In Echtzeit zu- 
nimmt, das Basisstations-Untersystem eine zusatz- 
25 liche Schlitzzuordnungsentscheidung trifft und an 
die Mobilstation eine Funkrufmeldung (27, 28, 41, 
42) meldet, die den Ort des mindestens einen zu- 
. satzlichen Abwartsubertragungsstrecke-Schlitzes, 
der der Funkverbindung zugeordnet wurde, mitteilt. 

30 

34. Verfahren nach Anspruch 32, dadurch gekenn- 
zelchnet, dass dann, wenn der Bedarf an Daten- 
Qbertragungskapazitdt wShrend einer andauern- 
den Funkverbindung fur Abwartsubertragungs- 

35 strecke-DatenubertragungsdIenste in Echtzeit 
mehreren zugeordneten Schlitzen abnimmt, die Ba- 
sisstation eine Schlitzzuordnungs-Aufhebeent- 
scheldung betreffend mindestens einen der zuge- 
ordneten Schlitze trifft und die entsprechenden 

40 Schlitze unbenutzt belasst. 

35. Verfahren nach Anspruch 32, dadurch gekenn- 
zelchnet, dass jede Mobilstation uber eine vorge- 
gebene zeitweilige Logikkennung verfugt, um die 

45 Mobilstation von anderen Mobllstationen zu unter- 
scheiden, die unter demselben Basisstations-Un- 
tersystem arbeiten, und dass das Basisstations- 
Untersystem, um Funkressourcen fur die Verwen- 
dung einer Funkverbindung fur parallele Abwarts- 

50 Qbertragungsstrecke-DatenUbertragungsdIenste In 
Echtzeit zu reservieren, eine Funkrufmeldung an 
die Mobilstation sendet, In der sie Folgendes an- 
zeigt: 

55 . die vorubergehende Logikkennung der Mobil- 
station; 

den Ort der regelmaliig beabstandeten Schlit- 
ze, diederparallelen Funkverbindung zugeord- 
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net sind; und 

eine zusatzllche KenHCTng, die die paralleie 
Funkverbindung von anderen andauernden 
Funkverbindungen unterscheidet, die Daten- 
ubertragungsdienste in Echtzeit transportie- 
ren. 

36. Verfahren nach Anspruch 31, bei dem das Funksy- 
stem der Mobilstation zusatzlich Datenubertra- 
gungsdienste in Echtzeit und in Nicht-Echtzeit an- 
bietet, dadurch gekennzeichnet, dass zum Er- 
stellen einer Funkverbindung fur Abwdrtsubertra- 
gungsstrecke-DatenObertragungsdlenste in Nicht- 
Echtzelt das Basisstations-Untersystem in der Fun- 
krufmeldung (41 , 42) den Ort der ersten Schlitze fur 
DatenDbertragungsdienste in Nicht-Echtzeit in Be- 
ziehung zur Rahmenstruktur anzeigt, und dass das 
Basisstations-Untersystem, urn eine Anderung ent- 
weder hinsichtlich des Orts oder der l\/lenge der fQr 
Datenubertragungsdienste in Niclit-Eclitzeit wali- 
rend der Verbindung zugeordneten Schlitze anzu- 
kundigen, den neuen Ort oder die neue Menge der 
Schlitze durch Senden einer neuen Funkrufmel- 
dung mitteilt. 

37. Basisstations-Untersystem fQr ein Funk-Telekom- 
munikationssystem mit Baslsstations-Untersyste- 
men und Mobilstationen, wobei das Basisstations- 
Untersystem uber eine Einrichtung zum Anordnen 
der mitgeteilten Information in chronologisch auf- 
einanderfolgenden Rahmen verfUgt, dadurch ge- 
kennzeichnet, dass 

das Basisstations-Untersystem zusatzlich eine 
Einrichtung zum Lenken der mitgeteilten Infor- 
mation jeder Funkverbindung In mindestens ei- 
nen zyklisch wiederholten zweidimensionalen 
Schlitz in den Rahmen aufweist, in welchem 
Fall 

- die Datenubertragungskapazitat jedes 
Schlitzes durch die Dimensionen des 
Schlitzes bestimmt wird und mindestens 
ein Rahmen Schlitze verschiedener Da- 
tenQbertragungskapazitdten enthSIt; 

- jeder Schlitz einen vorgegebenen Anteil 
der im Rahmen enthaltenen physikali- 
schen Ressourcen reprasentiert; 

- eine Anzahl von Schlitzen in jedem Rah- 
men fur die Verwendung in einer vorgege- 
benen Funkverbindung fur die Dauer des 
Rahmens dynamisch zuordenbar ist; 

- die erste Dimension der Schlitze die Zeit 
ist und die zweite Dimension der Schlitze 
eine der folgenden Grdflen ist: Frequenz, 
Code; 

und die Grolie des Schlitzes in Bieziehung zur 
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GroUe eines^^^ens von der Datenubertra- 
gungskapazitat abhangt, wie sie durch die je- 
weilige Funkverbindung benotigt wird, wenn 
Anderungen der Datenubertragungskapazitat 
wahrend einer andauernden Funkverbindung 
berucksichtigt werden. 

38. Basisstations-Untersystem nach Anspruch 37, da- 
durch gekennzeichnet, dass es ferner eine Ein- 
richtung zum Aufrechterhalten einer Reservie- 
rungstabelle aufweist, um die Belegungsgrdfle und 
den Belegungszustand der Schlitze im Rahmen an- 
zuzeigen und um eine optimale Nutzungsrate auf- 
recht zu erhalten. 



15 



39. Basisstations-Untersystem nach Anspruch 38, da- 
durch gekennzeichnet, dass es ferner eine Ein- 
richtung zum Mitteilen von Information betreffend 
Reservierungstabellen in den benachbarten Basis- 

20 statlons-Untersystemen aufweist. 

40. Basisstations-Untersystem nach Anspruch 37, da- 
durch gekennzeichnet, dass es zum Errichten 
von AufwartSLibertragungsstrecke-Verbindungen 

25 ferner Einrichtungen fur Folgendes aufweist: 

Erzeugen einer allgemeinen Zugriffsschlitzort- 
Ankundigung und Senden derselben an alle 
Mobilstationen in einem vorbestimmten Ab- - 
30 wartsQbertragungsstrecke-Schlitz, um die Mo- 

bilstationen anzuweisen, Kapazitatsanforde- 
rungen an den angekundigten Zugriffsschlitz 
zu senden; 

Empfangen und Interpretieren von KapazltSts- 
35 anforderungen von den Mobilstationen; 

Treffen von Schlitzzuordnungsentscheidun- 
gen, die in den Kapazitatsanforderungen ange- 
forderten und gekennzeichneten Funkverbin- 
dungen Schlitze zuordnen; und 
40 - Erzeugen von Zugriffsgewahrungsmeldungen 
und Senden derselben auf selektive Weise in 
einem vorbestimmten Schlitz an diejenlgen 
Mobilstationen, deren Kapazitatsanforderun- 
^ gen in den Schlitzzuordnungsentscheidungen 
45 gewShrt wurden. 

41. Basisstations-Untersystem nach Anspruch 37, da- 
durch gekennzeichnet, dass sie zum Errichten 
von Abw^rtsubertragungsstrecke-Verbindungen 

50 ferner Einrichtungen fur Folgendes aufweist: 

Erzeugen von Funkrufmeldungen und selekti- 
ves Senden derselben in einem vorbestimmten 
Schlitz an diejenigen Mobilstationen, mit denen 
55 eine Abwartsubertragungsstrecke-Verbindung 

zu errichten ist, wobei die Funkrufmeldungen 
mindestens einen zugeordneten AbwSrtsuber- 
tragungsstrecke-Schiitzanzeigen; 



41 
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ren von Funkruf-Be- 
den Mobilstationen; 



Empfangen und Inteij 
statigungsmeldunger 
und 

Lenken einer AbwSrtsQbertragungsstrecke- 
Obertragung in die in der Funkrufmeldung an- 5 
gezeigten zugeordneten AbwartsQbertra- 
gungsstrecke-Schlitze. 
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Empfangen u^^Ferpretieren einer Zugriffsge- 
wdhrungsmeldung vom Basisstations-Untersy- 
stem, die mindestens einen gewahrten Schlitz 
kennzeichnet; und 

Lenken von Informationsubertragungsvorgan- 
gen in den mindestens einen gewdhrten 
Schlitz. 



42. Mobilstation fur ein Funk-Telekommunikationssy- 
stem mit Basisstations-Untersystemen und Mobil- 
stationen, wobei die Mobilstation eine Einrichtung 
zum Anordnen der mitgeteilten Information in chro- 
nologisch aufeinanderfolgenden Ralimen aufweist, 
dadurch gekennzeichnet, dass 

die Mobilstation zusdtzlich eine Einrichtung 
zum Lenken der mitgeteilten Information jeder 
Funkverbindung in mindestens einen zyklisch 
wiederholten zweidimensionalen Schlitz in den 
Rahmen aufweist, in wetchem Fall 

- die Datenubertragungskapazitdt jedes 
Schlitzes durch die Dimensionen des 
Schlitzes bestimmt wird und mindestens 
ein Rahmen Schlitze verschiedener. Da- 
tenubertragungskapazitaten enthalt; 
jeder Schlitz einen vorgegebenen Anteil 
der im Rahmen enthaltenen physikall- 
schen Ressourcen reprSsentiert; 

- eine Anzahl von Schlitzen in jedem Rah- 
men fur die Verwendung in einer vorgege- 
benen Funkverbindung fur die Dauer des 
Rahmans dynamisch zuordenbar ist; 

-- die erste Dimension der Schlitze die Zeit 
ist und die zweite Dimension der Schlitze 
eine der folgenden Gre^Hen ist: Frequenz, 
Code; 



44. Mobilstation nach Anspruch 42, dadurch gekenn- 
10 zeichnet, dass sie zum Errichten von Abw^rtsuber- 

tragungsstrecke-Verbindungen femer Elnrichtun- 
gen fur Folgendes aufwelst: 

Empfangen und Interpretieren von von einem 
15 Basisstations-Untersystem ubertragenen Fun- 

krufmeidungen, die mindestens einen zugeord- 
neten AbwdrtsUbertragungsstrecke-Schlitz an- 
zeigen; 

Erzeugen einer Funkruf-Bestdtigungsmeldung 
20 und Senden derselben in einem Bestdtigungs- 

schlitz; und 

Empfangen und Interpretieren von Abwdrts- 
ubertragungsstrecke-Ubertragungsvorgangen 
in den mindestens einen zugeordneten Ab- 
25 wartsQbertragungsstrecke-Schlitz. 

45. Mobilstation nach Anspruch 44, dadurch gekenn- 
zeichnet, dass sie ferner eine Einrichtung zum Er- 
kennen des Bestatlgungsschlitzes auf Grundlage 

30 der In einer Funkrufmeldung enthaltenen Informati- 
on aulweist. 

46. Funk-Telekommunikationssystem mit Basisstati- 
ons-Untersystemen und Mobilstationen, wobei das 

35 Basisstations-Untersystem uber eine Einrichtung 
zum Anordnen der mitgeteilten Information in chro- 
nologisch aufeinanderfolgenden Rahmen verfQgt, 
dadurch gekennzeichnet, dass 

die Basisstations-Untersysteme und MObilsta- 
tionen zusdtzlich eine Einrichtung zum Lenken 
der mitgeteilten Information jeder Funkverbin- 
dung in mindestens einen zyklisch wiederhol- 
ten zweidimensionalen Schlitz in den Rahmen 
aufwelsen. In welchem Fall 



und die Gr5(le des Schlitzes in Bezlehung zur 
Grofle eines Rahmens von der DatenObertra- 40 
gungskapazitat abhSngt, wie sie durch die je- 
wellige Funkverbindung ben5tigt wird, wenn 
Anderungen der Datenubertragungskapazitat 
wahrend einer andauernden Funkverbindung 
berQckslchtlgt werden. 45 



20 



43. Mobilstation nach Anspruch 42, dadurch gekenn- 
zeichnet, dass sie zum Errichten von Aufwdrts- 
ubertragungsstrecke-Verbindungen ferner eine 
Einrichtung fur Folgendes aufweist: 

Empfangen und Interpretieren von von einem 
Basisstations-Untersystem Qbertragenen Zu- 
griffsschlitzort-Ankundigungen; 
Erzeugen einer Kapazitdtsanforderung und 
Senden derselben in einem Zugrlffsschlitz. wie 
er in einer Zugriffsschlitzort-AnkQndigung ge- 
kennzeichnet wurde; 



- die Datenubertragungskapazitdt jedes 
Schlitzes durch die Dimensionen des 
Schlitzes bestimmt wird und mindestens 

50 ein Rahmen Schlitze verschiedener Da- 

tenubertragungskapazitdten enthSIt; 

- jeder Schlitz einen vorgegebenen Anteil 
der im Rahmen enthaltenen physikali- 
schen Ressourcen repr§sentiert; 

55 eine Anzahl von Schlitzen in jedem Rah- 

men for die Ven^vendung in einer vorgege- 
benen Funkverbindung fur die Dauer des 
Rahmens dynamisch zuordenbar ist; 



43 
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- die erste Dimen^^Her Schlitze die Zeit 
ist und die zweit^imension der Schlitze 
eine der folgenden Grdflen ist: Frequenz, 
Code; 

5 

und die Grode des Schlitzes in Beziehung zur 
Grofle eines Rahmans von der DatenObertra- 
gungskapazitat abhangt, wie sle durch die je- 
weilige Funkverbindung benotigt wird, wenn 
Andeaingen der Datenubertragungskapazitdt io 
wahrend einer andauernden Funkverbindung 
berucksichtigt werden. 



Revendications 
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1. Precede destin6 d commander des ressources ra- 
diot6l6phoniques physiques dans un systeme ra- 4. 
diot6l6phonique comprenant un sous-syst^me de 
station de base et plusieurs stations mobiles en 20 
connexion radiotel^phonique avec celui>ci, carac- 
t6ris6 en ce que les ressources radiot6l6phoni- 

ques physiques sont divisees en des trames con- 
s6cutives chronologiquement (14), lesdites trames 
contenant des tranches a deux dimensions (16, 17, 25 
18) poss^dant des capacit^s de transmission de 
donn^es variables, auquel cas 5. 

la capacity de transmission de donn^es de che- 
que tranche est d6flnie par les dimensions de 30 
la tranche, et au moins une trame contient des 
tranches de diff^rentes capacit6s de transmis- 
sion de donn^es, 6. 
chaque tranche repr^sente une part donn6e 
des ressources physiques contenues dans la 35 
trame, 

une multitude de tranches dans au moins une 
trame sont affectables dynamlquement pour 
Tutiiisation d'une connexion radiot6l6phonique 
donn6e pour la dur6e de la trame, ^0 7. 

la premiere dimension des tranches est le 
temps et la seconde dimension des tranches 
est Tun parmi les suivants : la frequence, le co- 
de. 

et le sous-syst6me de station de base prend ^5 

une decision d'allouer les tranches pour les 

connexions radiot6l6phoniques sur la base 

des besoins de transmission de donn^es des 8. 

connexions radiot6lephonlques, 

des modifications des besoins de transmission 50 

de donn6es des connexions radiot6l§phoni- 

ques se produisant au cours des connexions 

radiot^l^phoniques, et 

de la tallle et de I'dtat d'occupatlon des tran- 
ches. 55 

9. 

2. Precede selon la revendication 1, caracteris^ en 
ce que les tranches contenues dans la trame ap- 



partlennent, en fo^^^l du volume des ressources 
radiot6l6phonlques physiques respectives, d au 
moins deux categories de taille allou6es diff^ren- 
tes, et en ce que de fagon d changer la structure 
de tranche d'une trame, un nombre entier predeter- 
mine des tranches de la premiere categorie de taille 
peut etre remplace par un nombre entier predeter- 
mine de tranches de la seconde categorie de taille. 

Precede selon la revendication 2. caracterise en 
ce que la quantite de categories de taille allouees 
est de trois. auquel cas la tranche (16) de la cate- 
gorie de taille la plus grande est egale e deux tran- 
ches (17) de la categorie de taille suivante la plus 
grande, ou de dix tranches (18) de la categorie de 
taille la plus petite. 

Precede selon la revendication 2, caracterise en 
ce que la quantite de categories de taille allouees 
est de quatre, auquel cas la tranche de la categorie 
de taille la plus grande est egale a deux tranches 
de la categorie de taille suivante la plus grande. 
quatre tranches de ia troisieme categorie de taille 
la plus grande ou huit tranches de la categorie de 
taille la plus petite. 

Precede selon la revendication 1, caracterise en 
ce que chaque trame est divisee. dans le sens de 
la premiere dimension, en une quantite predetermi- 
nee de tranches de temps (15). et chaque tranche 
de temps est ensuite divisee en tranches. 

Precede selon la revendication 5. caracterise en 
ce que chaque tranche occupe ia plage de frequen- 
ces complete de la tranche de temps correspondan- 
te, mals la longueur de chaque tranche en dimen- 
sion de temps depend de sa capacite de transmis- 
sion de donnees. 

Precede selon la revendication 5, caracterise en 
ce qu'une division temps-frequence est appliquee, 
grdce e quo! chaque tranche occupe la duree com- 
plete chronologique de la tranche de temps corres- 
pondante, mais la largeur de chaque tranche en di- 
mension de frequence depend de sa capacite de 
transmission de donnees. 

Precede selon la revendication 5, caracterise en 
ce qu'une division temps-code est appliquee, grSce 
e quoi chaque tranche occupe la duree chronologi- 
que complete de la tranche de temps correspon- 
dante, mais la capacite de transmission de donnees 
de chaque tranche depend du code d'etalement 
correspondent. 

Procede selon la revendication 1, caracterise en 
ce qu'un nombre entier non negatif predetermine 
de trames consecutives forme une supertrame (19), 



45 



de sorte que dans des s^^Pames cons^cutives, 
de telles trames qui s6nt^u6es ^ des positions 
semblables lorsqu'elles d^marrent ^ partirdu d^but 
de la supertrame correspondent les unes aux 
autres par rapport ^ la division de tranche, si des 
changements ne se sont pas produits dans le be- 
soin de transmission de donn^es des connexions 
radiot6l6phoniques entre les supertrames. 

10. Proc6d6 selon la revendication 9, caract6ris6 en 

ce que chaque supertrame contient S la fois des 
tranches (I) destinies S une transmission d'infor- 
mations, et des tranches de commande (C) desti- 
nees d r^aliser des canaux de commandos logi- 
ques. 

11. Proc6d6 selon la revendication 10, caracteris^ en 
ce qu'un signal de liaison descendante comprend 
un canal g6n6ral de commande logique (47) prevu 
pour la signalisation, connecte ^ une commande de 
ressource radiot6l6phonique ^ la maniere d'une 
tranche. 

12. ProcSdS selon la revendication 10, caract6ris§ en 
ce que chaque tranche de commande (C) appar- 
tient, en fonction des ressources radiot6l6phoni- 
ques physiques ainsi representees, d I'une des ca- 
tegories de taille atlouees. 

13. Proc^de selon la revendication 1, caract6ris6 en 
ce qu'une bande de frequences pr6d6termin6e est 
utllis^e pour transporter d la fois les tranches de 
liaison descendante et les tranches de liaison mon- 
tante selon un principe de duplexage d repartition 
dans le temps. 

14. Precede selon la revendication 13, caracterise en 
ce qu*un nombre entier non negatif predetermine 
de trames consecutives forme une supertrame (1 9), 
et chaque supertrame contient un premier nombre 
de trames de liaison descendante et un second 
nombre de trames de liaison montante. 
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16. Precede selon la^^^dication 1, caracterise en 

ce que le sous-systeme de station de base entre- 
tient une table de reservation de fagon e indiquer la 
taille et retat d'occupation des tranches dans les 
5 trames, et de fagon e entretenir un debit optimum 
d'utilisation. 

17. Precede selon la revendication 16, caracterise en 
ce que le sous-systeme de station de base evalue 

10 la qualite d'au moins une tranche affectable, et 
prend une decision deallocation eu de non allocation 
de ladite tranche e une connexion sur la base de la 
quantite de transmission demandee par ladite con- 
nexion. 

15 

18. Precede selon la revendication 16, caracterise en 
ce qu'il comprend dans le sous-systeme de station 
de base les etapes dans lesquelles, en reponse e 
une demande de tranche, 

20 

une table de reservation seit de liaison montan- 
te, soit de liaison descendante est choisie, 
une table de reservation est choisie, 
un ensemble de tranches de temps candidates 
25 ^ partir de la table de reservation choisie est 

forme, 

un ensemble de criteres de selection predeter- 
mines est applique pour treuver la meilleure 
tranche de temps candidate, 
30 - la qualite de transmission offerte par la meilleu- 
re tranche de temps candidate est centroiee et, 
une decision d'alleuer une tranche a partir de 
la meilleure tranche de temps candidate est pri- 
se. 

35 

19. Precede selon la revendication 16. caracterise en 
ce que le sous-systeme de station de base prend 
une decision d'alleuer les tranches pour les con- 
nexions radioteiepheniques egalement sur la base 

40 des informations contenues dans les tables de re- 
servation des sous-systemes de station de base 
veisins. 



15. Precede selon la revendication 13, caracterise en 
ce qu'une premiere bande de frequences predeter- 
minee est utilisee pour transporter nominalement 
des tranches de liaison descendante, et une secon- 
de bande de frequences predeterminee est utilisee 
pour transporter nominalement des tranches de 
liaison montante, mais en reponse d des conditions 
de trafic non symetriques dans le sens de la liaison 
montante et de la liaison descendante, des tran- 
ches sont allouees de maniere croisee de sorte que 
nominalement des tranches de liaison descendante 
sent utilisees pour transporter un trafic de liaison 
montante, eu nominalement, des tranches de 
liaison montante sont utilisees pour transporter un 
trafic de liaison descendante. 



20. Precede selon la revendication 19, caracterise en 
45 ce que le sous-systeme de station de base alloue 

des tranches sur la base de la puissance d'emissien 
utilisee pour une communication par differentes sta- 
tions mobiles, de sorte qu'une premiere station mo- 
bite qui utilise une faible puissance d'emissien pour 

50 communiquer avec une premiere station de base 
se verra aliouer une tranche qui coincide chronolo- 
giquement avec une tranche allouee e une seconde 
station mobile qui utilise une forte puissance 
d'emission pour communiquer avec une seconde 

55 station de base. 

21. Precede selon la revendication 19, caracterise en 
ce que le sous-systeme de station de base alloue 
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des tranches sur la base ^^Be de communication 

utilise par les diff§rentes sSions mobiles, de sorte 
que les liaisons commutees et les liaisons d com- 
mutation de paquets poss^dent leurs propres tran- 
ches situ6es dans les tables de reservation de sta- 
tions de base adjacentes d des emplacements op- 
timaux par rapport a rinterf^rence totale du syste- 
me. 

22. Proc6d6 selon la revendicatlon 1, caract6ris6 en 

ce que pour initialiser une connexion radiotelepho- 
nique de liaison montante entre le sous-syst^me de 
station de base et la station mobile, le proc6d6 com- 
prend les stapes consistant d 

transmettre d partir de la station mobile, dans 
une tranche de demande de capacity de liaison 
montante allouee, une demande de capacity 
(21, 35) ou la station mobile indique la quantity 
de ressources radiotelephoniques physiques 
demandees par la connexion radiot6l6phoni- 
que, et 

prendre une decision d'allocation dans le sous- 
syst^me de station de base comme rdponse d 
ladite demande de capacity. 

23. Proc§d6 selon la revendicatlon 22. caracteris^ en 
ce que Tempiacement et la quantity des tranches 
de demandes de capacit6 de liaison montante al- 
lou6es par rapport d la structure de trame ne sont 
pas constants, et le sous-systeme de station de ba- 
se transmet. dans une tranche de liaison descen- 
dante pr6d6terminee. une annonce Indiquant I'em- 
placement et la quantity des tranches de demandes 
de capacite de liaison montante attributes. 

24. Precede selon la revendicatlon 22, ou le systeme 
radiot6l6phonique offre en plus d ta station mobile 
des services de transmission de donn6es en temps 
rtel et en temps differ^, caracterise en ce que de 
fa9on d reserver des ressources radiotelephoni- 
ques pour rutilisation d*une connexion radiotei6- 
phonique pour des services de transmission de 
donnees en temps reel de liaison montante, la sta- 
tion mobile indique dans sa demande de capacite 
(21) la capacite de transmission de donnees requi- 
se. 
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mission de donne^^i temps reel de liaison mon- 
tante, la station mobile envoie au sous-systeme de 
station de base une demande de capacite (24) oCi 
elle indique la capacite de transmission de donnees 
5 suppiementaire requise. 

27. Precede selon la revendicatlon 24, caracterise en 
ce que. lorsque la demande de capacite de trans- 
mission de donnees diminue durant une connexion 

10 radioteiephonique en cours pour des services de 
transmission de donnees en temps reel de liaison 
montante ayant plusieurs tranches allouees, la sta- 
tion mobile lalsse au moins I'une des tranches al- 
. louees non utilisee. 

15 

28. Precede selon la revendicatlon 24. caracterise en 
ce que chaque station mobile comporte un certain 
identificateur logique temporaire de fagon d distin- 
guer la station mobile des autres stations mobiles 

20 fonctionnant dans le meme sous-systeme de sta- 
tion de base, et de fagon e reserver des ressources 
radiotelephoniques pour rutilisation d'une con- 
nexion radioteiephonique pour des services de 
transmission de donnees en temps reel de liaison 

25 montante, la station mobile envoie au sous-syste- 
me de station de base une demande de capacite 
oCj elte indique 

son identificateur logique temporaire 
30 . la capacite de transmission de donnees en pa- 
rallele requise, et 

un identificateur suppiementaire, qui distingue 
la connexion radioteiephonique en paralieie 
d'autres connexions radiotelephoniques en 
35 cours transportant des services de transmis- 

sion de donnees en temps reel. 

29. Precede selon la revendicatlon 22, ou le systeme 
radioteiephonique ofFre en outre e la station mobile 

40 des services de transmission de donnees en temps 
reel et en temps differe. caracterise en ce que de 
fagon e reserver des ressources radiotelephoni- 
ques pour rutilisation d'une connexion radioteie- 
phonique pour des services de transmission de 

45 donnees en temps differe de liaison montante, la 
station mobile indique dans sa demande de capa- 
cite (21) la quantite de donn6es e transmettre. 



25. Precede selon la revendicatlon 24, caracterise en 
ce que la station mobile indique en plus dans sa 
demande de capacite un ensemble predetermine 
de parametres decrivant les qualites requises de la 
connexion radioteiephonique. 

26. Precede seton la revendicatlon 24, caracterise en 
ce que lorsque la demande de capacite de trans- 
mission de donnees augmente durant une con- 
nexion radio en cours pour des services de trans- 



30. Precede selon la revendicatlon 22, caracterise en 
ce que dans sa decision d'allocation, le sous-sys- 
teme de station de base a la llberte de diriger la con- 
nexion radioteiephonique requise dans toute tran- 
che disponible quelconque, et apres la decision 
d'allocation le sous-systeme de station de base 
transmet e la station mobile dans une tranche pre- 
determinee de liaison descendante d'accord d'ac- 
ces une indication de la tranche ou des tranches 
accordees. 



50 
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31. Proc^d6 selon la revend^^Pn 1, caract6ris6 en 

ce que pour initialiser un^ronnexion radi6t6l6pho- 
nique de liaison descendante entre le sous-systS- 
me de station de base et )a station mobile, le pro- 
c6d6 comprend les Stapes consistant d 

prendre une decision d'allocation dans le sous- 
systdme de station de base comme r6ponse du 
besoin d6tect6 d'une nouvelle connexion radio- 
t616phonique de liaison descendante indiquant 
la quantity de ressources radiote16phoniques 
physiques requises par la connexion radiot6i6- 
phonlque, 

transmettre ^ partir du sous-syst6me de station 
de base d la station mobile un message de re- 
cherche de personne (27, 28, 41, 42) qui an- 
nonce remplacement de la tranche ou des tran- 
ches de liaison descendante allouees d la con- 
nexion radiot6l6phonlque dans ladite decision 
d'allocation, 

comme reponse ^ un message de recherche 
de personne detects, transmettre d partir de la 
station mobile un message d'accusS de recep- 
tion de recherche de personne, et 
comme reponse du message d'accus6 de re- 
ception de recherche de personne d6tect6 
commencer la transmission de liaison descen- 
dante d partir du sous-syst6me de station de 
base. 

32. Precede selon la revendication 31, ou le systdme 
radiotelephonique offre en outre d la station mobile 
des services de transmission de donn6es en temps 
r6el et en temps diff6r6, caracterise en ce que de 
fagon a former une connexion radiotelephonique 
pour des services de transmission de donn§es en 
temps reel de liaison descendante, le sous-syste- 
me de station de base indique dans le message de 
recherche de personne (27, 28), pour les tranches 
rep6t6es r6gulierement allouees d la connexion ra- 
diotelephonique, leur emplacement par rapport d la 
structure de trame. 

33. Precede selon la revendication 32, caracterise en 
ce que lorsque la demande de capacite de trans- 
mission de donnees augmente durant une con- 
nexion radiotelephonique en cours pour des servi- 
ces de transmission de donnees en temps reel de 
liaison descendante, le sous-systeme de station de 
base prend une decision d'allocation de tranche 
suppiementaire, et envoie d la station mobile un 
message de recherche de personne (27, 28, 41 , 42) 
qui annonce Templacement de la tranche ou des 
tranches des liaisons descendantes suppiementai- 
res allouees ^ la connexion radiotelephonique. 

34. Precede selon la revendication 32, caracterise en 
ce que lorsque la demande de capacite de trans- 



e^^ 



mission de donne^^phinue durant une connexion 

radiotelephonique en cours pour des services de 
transmission de donnees en temps reel de liaison 
descendante comportant plusieurs tranches al- 
5 louees, la station de base prend une decision de 
desallocation de tranche concernant au moins Tune 
des tranches allouees, et laisse les tranches cor- 
respondantes non utilisees. 

10 35. Precede selon la revendication 32, caracterise en 

ce que cheque station mobile comporte un identifi- 
cateur logique temporaire donne de fagon ci distin- 
guer ta station mobile d'autres stations mobiles 
fonctionnant dans le meme sous-systeme de sta- 

15 tion de base, et de fagon e reserver des ressources 
radioteiephoniques pour Tutilisation d*une con- 
nexion radiotelephonique pour des services de 
transmission de donnees en temps reel de liaison 
descendante en parallele, le sous-systeme de sta- 

20 tion de base envoie ^ la station mobile un message 
de recherche de personne, ou il indique, 

I'identificateur logique temporaire de la station 
mobile 

25 - remplacement des tranches repetees regulie- 
rement allouees ^ la connexion radiotelephoni- 
que en paralieie et 

un identificateur suppiementaire, qui distingue 
ia connexion radiotelephonique en parallele 
30 d'autres connexions radioteiephoniques en 

cours transportant des services de transmis- 
sion de donnees en temps reel. 

36. Precede selon la revendication 31, ou le systeme 
35 radiotelephonique offre en plus e la station mobile 

des services de transmission de donnees en temps 
reel et en temps differe, caracterise en ce que de 
fagon ci former une connexion radiotelephonique 
pour des services de transmission de donnees en 

40 temps differe de liaison descendante, le sous-sys- 
teme de station de base indique dans le message 
de recherche de personne (41, 42) {'emplacement 
des premieres tranches de services de transmis- 
sion de donnees en temps differe par rapport d la 

45 structure de trame, et de fagon e annoncer une mo- 
dification soit dans remplacement, soit dans la 
quantite des tranches allouees pour des services 
de transmission de donnees en temps differe durant 
la connexion, le sous-systeme de station de base 

50 precise le nouvel emplacement ou la quantite des 
tranches en envoyant un nouveau message de re- 
cherche de personne. 

37. Sous-systeme de station de base pour un systeme 
55 de telecommunications radioteiephoniques com- 
portant des sous-systemes de stations de base et 
des stations mobiles, le sous-systeme de station de 
base possedant un moyen destine e agencer les 
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informations communiqu^^Ph des trames cons^- 
cutives chronologlquemef^^ract6ris6 en ce que 
le sous-syst^me de station de base comprend en 
outre un moyen destine d diriger las informations 
communlqu6es de chaque connexion radiot6l§pho- 
nique dans au molns une tranche ei deux dimen- 
sions rep6tee cycliquement dans les trames, 
auquel cas 

la capacity de transmission de donn^es de cha- 
que tranche est determin6e par la dimension 
de la tranche, et au moins une trame contient 
des tranches de capacit^s diff^rentes de trans- 
mission de donnees, 

chaque tranche represente une part donn^e 
des ressources physiques contenues dans la 
trame, 

une multitude de tranches dans chaque trame 
sont chacune dynamiquement affectables pour 
Tutilisation d'une connexion radiotel^phonique 
donnee pour la duree de la trame, 
la premiere dimension des tranches est le 
temps et la seconde dimension des tranches 
est Tun parmi les suivants : la frequence, le co- 
de. 

et la taille de ladite tranche par rapport d la taille 
d'une trame depend de la capacite de transmission 
de donnees requise par la connexion radiot6l6pho- 
nique respective prenant en compte les modifica- 
tions de capacity de transmission de donnees du- 
rant une connexion radiot6l6phonique en cours. 

38. Sous-syst^me de station de base salon la revendl- 
cation 37, caract6ris6 en ce qu'il comprend en 
outre un moyen destin6 ei entretenir une table de 
reservation de fagon a indiquer la taille et I'etat d'oc- 
cupation des tranches dans les trames, et de fagon 
d entretenir un d^bit optimum d'utillsation. 

39. Sous-systdme de station de base selon la revendi- 
cation 38. caract6ris6 en ce qu'il comprend en 
outre un moyen destine d communiquer des infor- 
mations concernant les tables de reservation avec 
ses sous-systemes de station de base volsins. 

40. Sous-systeme de station de base selon la revendi- 
cation 37, caract6rise en ce que de fagon d initia- 
liser des connexions de liaison montante il com- 
prend en outre un moyen destine d 

produire une annonce gen^rale d'emplace- 
meht de tranche d'acc^s, et d la transmettre d 
toutes les stations mobiles dans une tranche 
predeterminee de liaison descendante de fa- 
9on d informer les stations mobiles d'envoyer 
des demandes de capacity dans la tranche 
d'accds annoncee. 



ril^^te 



recevoir et int^^ter des demandes de capa- 
cite emanant des stations mobiles, 
prendre des decisions deallocation de tranche 
qui allouent des tranches e des connexions ra- 
5 dioteiephoniques demand6es, et identifiees 

dans les demandes de capacite et 
produire des messages d'accord d'acces, et les 
transmettre dans une tranche predeterminee 
seiectivement aux stations mobiles dont les de- 
10 mandes de capacite ont ete accordees dans les 

decisions d'allocation de tranches. 

41. Sous-systeme de station de base selon la revendi- 
catlon 37, caracterise en ce que de fagon e initia- 
ls User des connexions de liaison descendante, il 

comprend en outre un moyen destine d 

produire des messages de recherche de per- 
sonne, et les transmettre dans une tranche pre- 

20 determinee seiectivement aux stations mobiles 

avec lesquelles une connexion de liaison des- 
cendante doit etre etablie, lesdits messages de 
recherche de personne indlquant au moins une 
tranche de liaison descendante allouee, 

25 - recevoir et interpreter des messages d'accuse 
de reception de recherche de personne depuis 
les stations mobiles, et 

diriger une transmission de liaison descendan- 
te dans tes tranches de liaison descendante al- 
30 louees indiquees dans le message de recher- 

che de personne. 

42. Station mobile pour un systeme de telecommunica- 
tions radioteiephoniques comportant des sous-sys- 

35 temes de station de base et des stations mobiles, 
la station mobile possedant un moyen destine e 
agencer les informations communiqu6es en des 
trames consecutives chronologiquement, caracte- 
ris6e en ce que la station mobile comprend en 

40 outre un moyen destine e diriger les informations 
communiquees de chaque connexion radioteiepho- 
nique dans au moins une tranche e deux dimen- 
sions repetee cycliquement dans les trames, 
auquel cas 

45 

la capacite de transmission de donnees de cha- 
que tranche est definie par les dimensions de 
la tranche, et au moins une trame contient des 
tranches de differentes capacites de transmis- 
50 sion de donnees, 

chaque tranche repr6sente une part donnee 
des ressources physiques contenues dans la 
trame, 

une multitude de tranches dans chaque trame 
55 sont chacune affectables dynamiquement pour 

Tutilisation d*une connexion radioteiephonique 
donn6e pour la dur6e de la trame, 
la premiere dimension des tranches est le 



temps, et la second 
est Tun parmi les suivi 
de. 
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nsion des tranches 
la frequence, le co- 



at la taille de ladite tranche par rapport ci la taille 
d'une trame depend de la capacity de transmission 
de donn6es requise par la connexion radlot616pho- 
nlque respective prenant en compte des modifica- 
tions de capacity de transmission de donn^es du- 
rant une connexion radiot6lephonique en cours. 

43. Station mobile selon la revendicatlon 42, caract^- 
ris6e en ce que de fagon d initialiser des con- 
nexions de liaison montante elle comprend en outre 
un moyen destin6 d 

recevoir et interpreter des annonces d'empla- 
cement de tranche d'acces transmises depuis 
un sous-syst^me de station de base, 
produire une demande de capacity et la trans- 
mettre dans une tranche d'acc^s identifi^e 
dans une annonce d'emplacement de tranche 
d'acces, 

recevoir et interpreter un message d'accord 
d'acces depuis le sous-systdme de station de 
base identifiant au moins une tranche accord^e 
et 

diriger les transmissions d'informations dans 
ladite au moins une tranche accord^e. 

44. Station mobile selon la revendicatlon 42, caracte- 
risee en ce que de fa9on d initialiser des con- 
nexions de liaisons descendantes, elle comprend 
en outre un moyen destine d 

recevoir et interpreter des messages de recher- 
che de personne transmis depuis un sous-sys- 
teme de station de base, lesdits messages de 
recherche de personne indiquant au moins une 
tranche de liaison descendante allouee, 
produire un message d'accuse de reception de 
recherche de personne et le transmettre dans 
une tranche d'accuse de reception, et 
recevoir et interpreter les transmissions de 
liaison descendante dans ladite au moins une 
tranche de liaison descendante allouee. 
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si^^^ir 



muniquees en tran^^hronologiquement consecu- 
tives, caracterise en ce que les sous-systemes de 
stations de base et les stations mobiles compren- 
nent en outre un moyen destine e diriger les infor- 
mations communiquees de cheque connexion ra- 
dioteiephonique vers au moins une tranche d deux 
dimensions repetee cycliquement dans les trames, 
auquel cas 

la capacite de transmission de donnees de cha- 
que tranche est definie par les dimensions de 
la tranche, et au moins une trame contient des 
tranches de capacites de transmission de don- 
nees differentes, 

cheque tranche represente une part donnee 
des ressources physiques contenues dans la 
trame, 

une multitude de tranches dans cheque trame 
sont chacune affectables dynamiquement pour 
I'utilisation d'une connexion radioteiephonique 
donnee pour la duree de la trame, 
la premiere dimension des tranches est le 
temps, et la seconde dimension des tranches 
est t'un parmi les suivants : la frequence, le co- 
de, 

et la taille de ladite tranche par rapport ^ la taille 
d*une trame depend de la capacite de transmission 
de donnees requise par la connexion radioteiepho- 
nique respective prenant en compte les modifica- 
tions de capacite de transmission de donnees du- 
rant une connexion radioteiephonique en cours. 



45 



45. Station mobile selon la revendicatlon 44, caracte- 
risee en ce qu'elle comprend en outre un moyen 
destine d identifier la tranche d'accuse de reception so 
sur la base des informations comprises dans un 
message de recherche de personne. 



46. Systeme de telecommunications radioteiephoni- 
ques comportant des sous-systemes de stations de ss 
base et des stations mobiles, les sous-systemes de 
stations de base et les stations mobiles comportant 
un moyen destine e agencer les informations com- 
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